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Description 

' c >e\z o ; tne Invention 

5 Trie oresen- invention r e\a\ei tc a nove nonimea* optica materia naving an mceasec secede ha r monic 

gene~at:nc abiiity and usas* lev a- optica sw-t:-. a- optica' memo-y r a- optica' oata^ormatior 
^ocessmc o- ootca' communicator system, or a- cr,ti:.a oistaoie element to be useo ir optica! signa' 
operator Purine-, it pertains tc a nove nonitnea- oovia cystaiine materia containing a sal: obtained by 
trie taction o J a conjugated aromatic carboxyl.c acic compose 1 wltr a- optically active am:ne 

2. Description of the Related Art 

The nonlinear optica! effect refers tc. for example, a secondary or higne- effect of tne magnitude of an 
applied electric field exhibited by the relationship of an electric polarizing response of a substance, which is 

75 only primarily proportional to the magnitude of the applied eiectnc field, when, tor example, a strong 
photoelectric field such as a laser beam is applied tc the substance. 

A secondary nonlinear optical effect may include a second harmonic generation of converting the 
wavelength of an incident light tc a 1/2 wavelength, a parametric oscillation which converts a light with one 
kind of wavelength into a light with two kinds of wavelengths, and a secondary light mixing which on the 

20 contrary generates a light with one kind of wavelength from a light with two kinds of wavelengths. Due to 
these various characteristics, materials having a nonlinear optical effect will be for use as an optical switch, 
optical memory in optical data/information processing, or such elements as optica! bistable element, optica! 
switch etc. to be used in optical signal operations. 

Generally speaking, in this field of the art, inorganic materials, primarily UNbO s . have been studied and 

25 investigated, but inorganic materials had a drawback such that great difficulty is encountered in forming a 
desired optical element, because of such shortcomings as their performance indices which are not so great, 
small response speed, no good form workability, great hygroscopicity, low stability, etc. 

In recent years, in contrast to these inorganic materials, researchers are becoming more interested in 
application of organic materials. This is because the response of organic materials is based primarily on the 

30 t electron polarization, whereby the nonlinear effect is great, and also the response speed is great, as 
confirmed and reported in the art For example, a large number of studies are reported in the ACS 
Symposium Series Vol. 233, 1983. The secondary nonlinear optical characteristics to be dealt with in the 
present invention, which is a third rank tensor, cannot be evoked if a symmetric center exists in the 
molecular or the crystal. For this reason, in the case of organic materials, even when they may have a 

35 structure exhibiting an excellent nonlinear effect at molecular level, they must be formed into crystals or 
solid state for using the second harmonic generation as the practical mode. However, at such stage of 
solidification, an inversion symmetrical structure will be frequently formed preferentially, whereby there has 
been involved the problem that a nonlinear optical effect as an optical element can not be exhibited. 

40 SUMMARY OF THE INVENTION 

Accordingly, an object of the present invention is to solve the above-mentioned problems of the prior art 
and to provide an organic crystalline compound for various nonlinear optical elements, and having an 
increased second harmonic generating abiiity, a high molecular polarizing ability, and having no inversion 
45 symmetry. 

Another object of the present invention is to provide an organic crystalline compound having excellent 
second harmonic generating ability required for a material for forming various optical signal processing 
elements. 

Other objects and advantages of the present invention will be apparent from the following description, 
so In accordance with the present invention, there ts provided an organic nonlinear optical substance 
having the formula (I): 

A-f-CR 1 =CH -r— CH « C - C - B (I) 



CN 0 



2 
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wnereir 

F" represent c -C 

r :5 0. V o- 2 

A -eoresents Z'-Av. 



C - 



Z 3 ~ Ar-, R- , or (Z D ^ 

z 4 / 



c c 

X 



whp^ir A' represents a 6 - 14 memoerec aromatic g-oup including a heterocyclic ring or bisohenyiene 
type ring: T reoresents H-. R £ R 1 ' N-, R'O-. R £ S-, NC-, R'OCO-, R^COO-, 0:-N-. R"R*"NOC-, R^CO(R-)- 
N-, or R 1E - ; Z : , Z 2 , and Z* independently represent H-, s C- -C E alkyl-. R" fc O-. R' 7 R" E N-, R' S S-, O z N-, or two 
R 1£ being, in combination, R 2L CH : ' : R 5 represents H- or a C--C-.: alky!: R- tc R ?c independently represent 
H-. or a Ci-Cic hydrocarbon residue; T- independently represents H-, a C- -Ce saturated hydrocarbon 
residue, 0 2 N-, R 2l O- P R 22 S-, NG-, or R 23 R ?i N-, wherein R 2, to R ?A independently represent H or a 0-C 8 
saturated by hydrocarbon residue X represents -S-. -0-. or \ NR 2E ; r is 0 or an integer of 1 to 3; and R 28 
represents H or a hydrocarbon group having 1 to 8 carbon atoms; 

B represents >-OB'-Am:ne" where Amine* represents an optically active amine. -NR 4 Y where R* 
' Y represents -(CH 2 ) C CQ^Q 3 where p is 0 or 1; Q 1 , Q 2 , and Q 3 are 



d.fleient and represent -H, a -C E alky!, phenyl, naphthyl, -OH, -CH ? OH, -COOR*. -CNR 2fc P/ 7 , a residue 
0' an a-amino acid from which an amino group is removed, where R 25 to R 27 independently represent -H or 
-C--C t hydrocarbon residue, or Y represents -CQ 4 Q 5 Q E where Q* , Q 5 and G° are different and Q* and Q 5 
are as defined for Q\ Q 2 and Q~ and Q fe represents 
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h-ch 2 ^ 

of which one bond is linked to the bond of R 4 where q is an integer of 1 to 4. 
DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Generally speaking, the second harmonic generating ability is greater in a longer conjugated system, in 
which polarization within the molecular is greater and also contribution of the polarization is greater, but with 
elongation of the conjugated length, the absorption maximum is shifted toward the longer wavelength side, 
whereby correspondence to a Ml wavelength of the incident light may occur, in this case, optical damage 
may occur which absorbs the second harmonic generated and changes the retractive inde>, chemical 
denaturation, or combustion by an absorption of heat energy Accordingly, it is frequently disadvantageous 
to simply elongate the conjugated length. For example, a compound increased in molecular polarization due 
to an insertion of a carboxyl group represented by the formula (I) shown below, a group having a high 
electron attractability such as a cyano group, and further various substituents into benzene nucleus may be 
expected to have large nonlineanty as the result of shitting effect of electron arrangement within the ring, 
but practically has e structure with an inversion asymmetry center due to a large molecular polarization, 
whereby frequently a generation of the second harmonic can not be observed. Generally speaking, it is a 
difficult technique to control the crystalline structure, particularly to form a crystal form which will collapse 
the symmetry center. Accordingly, while an excellent nonlinear susceptibility may be expected to be 
possessed at molecular level, most examples prove to be no longer effective as trie second harmonic 
generating material. As the result of intensive studies, as shown in the present invention, by use of an 
optically active amine as the basic substance to introduce its optically active asymmetric structure thereof 
as the carboxyhc acid salt, and consequently a structure without an inversion asymmetry center can be 
prepared to accomplish the present invention. As a consequence, the great nonlinear susceptibility at 
molecular level can be exhibited as such as the crystal structure, and this may be considered to contribute 
greatlv tc applications in this field of the art. 

To enhance the nonlinear ootica! effect, it is necessary to have a large dipole within one molecular 
structure, and for this purpose, the general formula has cyano group, ca'ooxy! group permitted to exist on 
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tne same caraar atom Alsc to- tne mo.ecuia- ooianzations to interfere witr. eacr otner. r is oesiraoie mat a 
-onjugsiec svsterr exists vu: a r eiongatior o*' tne conucatec lengtr wil result m an eiongation o* tne 
aoso^t:-^ naximjrr t: the icnge- waveiengtr sice wnereby there is tne oossioihiv tnat tne carnage may 
oe formec aue tc the mciaen; i.gn: waveiengtr, o- tne seconc narmonc waveiength Fo- tms reason, tne 

5 conugatec lenatr. snojic not he too lone 

Vrorr tne aoove-mentionec s;anaoomts. it nas bee- tounc tna* a-cyanoac-yhc aciO Derivatives navinc a 
con.uoatec o-ouc are effect-ve as a- acid moiety navmg a conjugated system, Furthermore, tne compounos 
havnq tne "rormj;a (!.- - .)?.>~z tne ootioaliy active amine salts o- amices a-e effect- ve ior providing 
&cymmeT r y center as mentionec above. 

r A-cr.-dmg to a first embodiment o*. tne present invention, the organic nonlmea- optica: suostance has 
tne general formula fl, wherein R" represents H. Z represents H-, R- R* N-. R-0-, R>S-. NO, R*OCO-, 0:N- 
R'-'COD- R'-R" z NOC-. R' s CO(R ,4 )N-. or R- ; -, Ar represents a-, aromatic group having 5 to 14 carbon 
atom- and * represents -OH • Amine* wnerem Amine* represents an optically active amine selected from 
the group consisting of i-phenylethyiamine, 1-(a-naphthyl)ethyiamine, 1 -phenyl-2-metnyiethyiamine, V 

75 phenyl-2-aminopropane, ana brucme , 
These amines are strong bases and, therefore, easily react with carboxylic acids to form stable salts in 

any conventional method. 

The optically active amines may be dextrorotatory or levorotatory. Formation of the salt may be cameo 
□ut by conventional neutralization reaction, wh.ch may be in either state of a solution or a soiio phase. 
20 For maintaining the puhty of the optical activity, it is not preferable to carry out the react.on at too high 
a temperature but it is desirable to contrive to inhibit heat generation during salt formation. Salt formation 

v ,„ ( , er ., ft oiwo a nr 0 du<M whir.h differs in solubility tc a great extent from the starting material, and 

theretore" existence* of salt formation can be easily confirmed and its purification can he also easily done. 

The optically active amine salt of the carboxylic acid thus obtained assumes a crystalline state, having 
25 excellent moldability, and can be formed into various elements under the crystalline form as such or as a 
solid solution, which can be then applied to the nonlinear optical application field. 

The organic nonlinear optical substances according to the first embodiment of the present invention 
have an extremely large second harmonic ability. The carboxylic acid moiety of this compound can be 
preferably derived from the caboxyiic acids having the structure (II) 
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2 1 - A - (CH - CH) CH = C - COOH (II) 

u 1 CN 

Examples of such carboxylic acid may include: substituted phenyl 2-cyanopropenoic acid derivatives 
such as 3-pheny!-2-cyanopropeno.c acid, 3-{p-dimethy!aminophenyl>-2-cyanopropenoic acid, 3-(p- 
aminopheny1)-2-cyancpropenoic acid, 3-(p-diethylam,nophenyl)-2-cyanopropenoiC acid, 3-<p- 
dipropylaminophenyl)-2-cyanopropenoic acid, 3-(p-d.butylaminophenyl)-2-cyanopropenoiC acid, 3-(p-mon- 
omethylam,nophenv!)-2-cyanopropeno,c acid, 3-(p-monoethylaminophenyl)-2-cyanopropeno.c acid, and the 

m- or o- substituted derivatives; ., 

3-(p-methyloxyphenyi)-2-cyanopropenoic acid, 3-(p-ethylo<cypheny!)-2-cyanopropenoic aci-, ^-(p-pro- 
pyloxyphenyl)-2-cyanopropenoic acid, 3-(p-butyloxyphenyl)-2-cyanopropeno,c acid, 3-(p-pentyloxyphenyl)- 
2-cyanopropenoic acid, 3-(p-n-hexyloxyphenyl)-2-cyanopropeno,c acid, 3-(p-decanoxyphenyl)-2- 
cyanopropenoic acid, and the m-or o- substituted derivatives; 

3-f D -methylthiophenyl)-2-cyanopropenoic acid, 3-(p-ethylthiophenyl)-2-cyanopropenoic acid, 3-(p-propyf- 
thiophenyl)-2-cyanopropeno.c acid, 3-(p-butylthiopheny!)-2-cyanopropeno.c acid, 3-( P -pentylthiophenyl)-2- 
cyanopropenoic acid, 3-(p-n-hexylthiopheny!)-2-cyanopropenoic acid, 3-(p-decanethiophenyl)-2- 
cyanopropenoic acid, and the m-or o- substituted derivatives; 

3-(p-cyanophenyl)-2-cyanopropeno.c acid, 3-(m-cyanophenyl)-2-cyanopropenoic acid, 3-(o- 
cyanophen V l)-2-cyanopropenoic acid, 3-(p-methyloxycarbonylphenyl)-2-cyanopropeno.c acid, 3-(p-ethyiox- 
ycarbonytphenyl)-2-cyanopropenoic acid, 3-(p-propyloxycarbonylphenyl)-2-cyanopropenoic acid, and the pri- 
or o- substituted aenvatives; 

3-(p-acetyloxyphenyl)-2-cyanopropenoic acid, 3-(p-DropionyloxyphenyI)-2-cyanopropenoic ac.d, 3-(p- 
butanoylphenyh-2-cyanopropeno.c acid, and the m-or o- substituted derivatives, 

^p-nitrophenvb-2-cyanopropenoiC acid. 3-<m-nitrophenyl)-2-cyanopropenoic acid, 3-(o-mtrophenyl)-2- 
cyanopropeno.c ac.d, 3-(p-dimethylam,dophenyl)-2-cyano D ropenoic aod, 3-(p-diethylam.dopheny! r 2- 
cyanopropenoic acid, 3-lp-dipropylam.dophenyl ,-2-cyanopropenoiC ac.d, 3-(P-dibuty!amidophenyl)-2- 
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cvanoprooenoic ace an: the- nr.- o- c- -jostttuted derivative-. 

O-^-acewiaminG^nenyr^-cyano^ooen-jic acic ■j-^-propionyia-riinosnenyi -2-cyano^ODenoic acic. 

anc trie rr- o< c- substituted cen valves. 

3- i: .-TietnyiDnenylr2-=yaMO^rooenDic acic o-(:-etnyiDneny'..-2-cy&noproDenotc acid. 5-^-D"Opy ; - 
n^ny -2-cyanoct-openoic ace 3-(o-D-:viDnenv^2-cyanopropenoic acic. 3-i:-pentylpheny!;-2- 
cvanoprapsnoic^ ace 3-^-H-heyyianenylr2-cyanoprooenDi: acic. 3-(p-aecanepnenyl'-2-cyanopropenoic 
acid, anc trie rr- cr o- substituted derivatives: 

Substituted phenv 1 2-cvanc-2 4-pen:adienoic acic denvafves suc h as: 

S--vano-5-Dhenyi-2.4-peniadtenoi: acic 2-cyanc-5-^-d!^etnyiaminoone-yi -2 4--.en;adien3ic acid. 2- 
cyanc^^p-dietnviarn.nopneny'riA-Dentadienoic acid, 2-cyanc-5-(p-diDropyi3minopneny! -2 4-oentad-enotc 
acid 2-cyanc-5-(p-d't>ut\'iaminopheny ! '-£.4-psntadienoic acta. 2-cyano-5-(p-monomethylammopheny!)-2.4- 
pentadienoic acic, 2-cyanc-5-(p-arninopneny! r 2.4-per l adienoic acid, and tne nr.- or o- substituted deriva- 
tives; 

2-cyano-5-(p-me1hvlo:<vpnerylr2 4-pentad'enoic acic. 2-cyano-5-(p-ethyioxypneny >-2.4-pemadienoic 
acid, 2-cyano-5-(p-p'opy.oxyphenyl)-2.4-pentadienoic acid. 2-cyano-5-(p-butyloxyphenv:)-2.4-pentadienoic 
acid and nv, o- substituted derivatives thereof. 

2-cyanc-5-lp-methylthiODhenyl)-2,4-pentadienoic acid, 2-cyano-5-(p-ethylthiophenyi)-2,4-pentadienoic 
acid, 2-cyano-5-(p-propy:th,ophenyl)-2,4-pentadienoic acid, 2-cyano-5-(p-butylthiopheny-)-2,4-pentadienoic 
acid, and rr-, o- substituted derivatives thereof, 

5-(p-cyanopheny!)-2 4-pentad.enoic acid, and m-, o- substituted derivatives thereof; 

2-cyano-5-(p-methylo/vcarbonylphenyl)-2,4-pentadienoic acid, 2-cyanc-5-(p-ethylo> ycarbonylphenyl)- 
2i 4- pfr ntadienoic acid. 2-cvano-5-(p-propyloxycarbonylphenyl)-2,4-pentadienoic acid, 2-cyano-5-<p-butylox- 
ycarbonylphenyt»-2.4-pen:adienoic acid, and rr-, o- substituted derivatives thereof, 

2-cyano-5-(p'-acetyloyyphenvl)-2.4-pentadienoic acid, 2-cyano-5-(p-propionyloxyphenyl)-2,4-pen- 
tadienoic acid. 2-cyano-5-(p-butanoyloxyphenyl)-2,4-pemadienoic acid, and rrv, o- substituted derivatives 
thereof; 

2-cyano-5-(p-nitrophenyl)-2.4-pentadienoic acid, and nv, o- substituted derivatives thereof; 
2-cyano-5-(p-dimethylamidophenyl}-2,4-pentadienoic ac;d, 2-cyano-5-(p-diethylamidophenyl)-2,4-pen- 

tadienoic acid, 

2-cyano-5-(p-dipropylamiaophenyl)-2.4-pentadienoic acid. 2-cyano-5-(p-dibutyiamidophenyl)-2,4-pen- 
tadienoic acid, 2-cyano-5-(p-monomethylamidophenyl)-2.4-pentadienoic acid, 2-cyano-5-(p-arrndophenyt)- 
2 4-pentadienoic acid, and nv, o- substituted derivatives thereof; 

2-cyano-5-(p-acetylaminophenyl)-2,4-pentadienoic acid, 2-cyano-5-<p-propionylaminophenyl)-2,4-pen- 

tadienoic acid and m-, o- substituted derivatives thereof; 

2-cyano-5-(p-methylphenyl)-2,4-pentadienoic acid, 2-cyano-5-(p-ethylphenyl)-2,4-pentadienoic acid, 2- 
cyano-5-(p-propyiphenyl)-2,4-pentadienoic acid, 2-cyano-5-(p-butylpheny!)-2,4-pentadienoic acid and m-, o- 

substituted derivatives thereof; 

Substituted phenyl 2-cyanc-2,4,6-heptatrienoic acid derivatives such as: 

2-cyano-7-phenyl-2,4.6-heptatrienoic acid. 2-cyano-7-(p-dimethy!aminophenyt)-2,4,6-heptatrienoic acid, 
2-cyaPO-7-(p-d.ethylaminophenyh-2,4,6-heptatrienoic acid, 2-cyano-7-(p-dipropylaminopheny!)-2,4,6-hep- 
tatrienoic acid, 

2-cyano-7-(p-dibutyiam,nopheny;)-2,4, 6-heptatrienoic add, 2-cyano-7-(p-aminophenyl)-2 : 4 I 6-heptatr.enoic 
acid, 2-cyano-7-(p-monomethylaminopheny!)-2.4,6-heptatrienoic acid, and m-, o- substituted derivatives 
thereof; 

2-ryano-7-(p-methyio>:yphenyl)-2,4,6-heptatnenoic acid, 2-cyano-7-{p-ethyloxypheny!;-2 t 4,6-hep- 
tatnenoic acid, 2-cyano-7-(p-propyloxypheny!)-2,4,6-heptatrienoic acid, 2-cyano-7-(p-butyloxyphenyl)-2,4,6- 
heptatrienoic acid, and nv, o- substituted derivatives thereof; 

2-cyano-7-(p-methylthiophenyl)-2,4,6-heptatrienoic acid, 2-cyano-7-(p-ethy1thiophenyl)-2,4,6-hep- 

tatnenoic acid, 

- 2-cyano-7-(p-propylthiophenyl)-2,4,6-heptatrienoic acid, 2-cyano-7-(p-butylthiophenyl)-2,4 t 6-heptatr.enoic 
acid, and rrv c- suostitutec derivatives thereof; 

2-cyano-7-{p-cyanopnenyIt-2.4,6-heptatrienoic acid, and m-, o- substituted derivatives thereof; 
2-cyanc-7-(p-methylcixycarbonylphenyl)-2.4.6-h9ptatnenoic acid, 
2-cyanc-7-tp-ethvlOKycaroonylDhenyl)-2,4.6-heptatrierioic acid. 2-cyano-7-(p-propyloxycarbonylphenyiV 
; 2,4.6-heptatnenoic acid. 2-cyano-7-(p-butyioxycarbonylphenylr2.4,6-hepta:rienoic acid, and rrv or o- substi- 
tuted derivatives; 

2-cvano-7-(p-acetyloxyphepy!)-2.4 ! 6-heptatrienoic acid, 2-cyano-7-(p-propionyloxypheny!;-2,4 I 6-hep- 
tatrienoic acid. 
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z : '- Ar — t — ch = -h — ch = : - cooh (in) 

,V C-2 CK 



jr a „,~ .n-ij^a ^-r^-di^etno>'vpnen V 'i-£-cvan3D r o?enD!c scic 3-{3.4-diethoy- 

.n-^nv'.-S-vanoDrop^c ' ac7 "swS.^.propy.o.yohenyl.Ki-cyBnDcropeno.c tad. 3-<2 4-dimethox- 
n , , 2 -: v3 non,ooeno,c ace 3-;2 4-dietwypher.y!,.2-cyanoprooenoic aca, 3-(2.4-d,prooy^yphenyh. 



^noo-openor and 3-<3 4.d,metn y ltr„opheny|..2-cyanopropeno.c acid. 3-(3.4-dietPylthiophenyl,,- 
~™^cT arid, 3-(3.-d 1 propyUh,oph e n y ,,::.cyano D rop e no,c acid. 3-(2 4-dimethylthiopheny 
I acd 3-<2 4-d,eth 0 xy P henyl>-2-:yanooropenoic acd. 3-<2.4-diprooylth,opheny - - 

r ™penor a-i* 3-/3 4-c,metnvlam,nophen y l,2-cvano P ropeno,c acd, 3-(3.4.d,ethylammopheny )-.- 
^SSLc* "acid.' 3- f 3.4.dip;o P y.am,no P heovl r2 .cyano P ropenc.ic acd, 3 .<2.4-dimetnylpheny )-,- 
rnopropeno'c acd, 3-(2.4-diethylaminophenyl,-£-cy a nopro P enoic acd. 3-(2,4-d,propylam,nopneny.)-.- 
c anoo openo c acd 3-( 4-dimtropr,enyl,2-cyanoP'Openo,c acd, 3-(2,4-din„rophen y li-2-c y anopropeno,c 
and 5-(r4-Le t hcx yP hen yl )-2-c y ano-2.4-pentad 1 eno 1 c acd, 5-(3,4.d,e.hoxy P henyl).2-cyano-2,4.pen- 
ino, 'acd E .,3,4 y . P d ipr oU.oxyp h en yl ,.2-cyanc..2 4-pentadienoic acd^ ^,«h^- 
cyano-2 4-pentadienoic acid. 5-(2.4-diethylthiophenyl)-2-=yano-2.4^errtad.eno.c acd, 5-(2.4-d,propyl 
thioohenyl) 2-cyano-2 4-pentadienoic acid 5-(3.4-dimethylthiophen y l)-2-cyano-2.4-pentad,eno,c acd, 5-(3 4- 
d"et" ^ o P hen y l,-2-c ya no-2 4- p entad,enoic acid. 5.<3.4-d.propylt 1l iophen yl ,-2-cyaoo- 2 .4.p e n«d*no 1 c ac-d 
5-^4Zethyl,h ophen y ,).2-cyano-2,4. p en,ad, e no 1 c acd, ^(S^-d.ethylthiophenyO^-cyano-^.pemad.eno. 
add 5-(2 4 d,pro Py lthio P hen y l)-2-cyano-2,4- P entadienoic acd, 5-(3.4-dinitro P h e n y l)-2-cyano-2 4-pen- 
SLoic acd 5-(2 4-d 1 n,trophenyli-2-cyano-2,4.per,ad,eno,c acd. 7-(3,4-dime.hoxyphenyl)- -cya 0-2 4.6- 
he r ofc acd 7.( 3 .4-d,e,hoxy P heny,).2- C yan 0 .2,4,6- hexatrienoic acd ^^^f^- 
c y ano-2,4.6-hexa,rienoic acid, 7-(2,4-dimeth y lth,ophenyl)-2-cyano-2.4.6-hexatrieno,c acd, 7-<2,4-c ethyl 
tNophen y IV2-c y ano-2 4.6-he*atr,enoic acd, 7-(2,4-di P rop y lthio P hen y l>-2-c y ano-2,4,6-hexaU,eno^ acd, 7- 
3 4 dZh y lt fo P N,n y ,)-2-c y ano-2,4,6-hexatrienoic acd, 7-(3.4^,ethylthiophenyl).2-cyano-2.4.6-hexatr»no,c 
and 6!3 4-dipropvlh 1 ophon y l)-2.cy a no-2,4,6-hexa, 1 enoic acd, e^.^d.nitrophenyl^-cyano^.^.e-hex- 
at" enoic acd, 7 <2,4-dini,ro P hen y ,)-2-cyano-2,4,6-he<atrieno,c acid and the .ike. The mutual position o, tne 
dolle bonds of these conjugated carbo<ylic aces should be preferably trans-form, to ob,a,n a stable 
structure and also for exhibiting the nonlinear optical effect but is not limited thereto. 

^Th/ organic substance of the present mention is obtained as a s* with a cr^r- s^r - £ 
having an inversion symmetrical center according tc tne constitution as u*^ ^'^-^""^ 
nonlinear suscept.bili.y at the molecu.ar level is exhibited as such also ,n the co , taHine J 
existing an excellent nonlinear optical effect such as a generation of the second harmonic at a h,gh level, 
and therefore thi- substance can be utilized for forming an optical signal processing element 

According to a fourth embodiment of the present invention, the organic nonlinear optical substance has 
the general formula (I) wherein FT re P resents H. A represents 



Z 3 — Ar 

wherein one of Z<. V- and Z< represents H- and the remainder independently represents C,-C,c alkyL 
H« 0- FV'R-'N- R' E S or 0 2 N-, Ar represents an aromatic group having 6 to 14 carbon atoms, and B 
represents a residue of an optically active amine selected from the group ethyl consisting of 1- 
P henTethy,amine, ^-naphth^ethylamine, vphenyl-Z-methylethylamine. t-phenyl-2-aminopropane, and 

b ' U Tne optically active amine sal. of the carboxylic acd thus obtained assumes a crystalline state, having 
e<celient moldability. and can be formed into various elements under the crystalline forrr as su- or a a 
solid solution, when can be then applied to the nonlinear optical application field, me organic non I near 
optica' substances according tc the first embodiment of the present invention have an extremely large 

second harmonic aotlity 
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Tne carco//!,: ace moiety o" tn.< compounc '.a' be 3 rete-ao,v ae-ivec from tne ca-noxyiic aces 

r.aviriC t'lf Structure (III: . . 

A ;. ordin - „ f flttn embodiment tne oresen: invent,?-, me oraam: nonlmea- oot.ca sucs,an„ c he 
tne aene^a tormu* Ml whreir R° -ep-esen-.s h. A recent* Z A-. Z' represent h- FT-R'N-. R ■ 0, R 
N -/ 0 . N . rvqCO- F.--C01V R"R 'NOC- R' ; CO(R"lf<- 0' R' ; - Ar reD'esents a", aromatic nng naving t> 
k :4 -aroo-i atoms arc B >«oresan:s -NR'Y. 

Tne ™-v -NR'Y .ncluaet. -or mams*. »-chra s^stitutec p-.r.a-y alkylamnes (. e 0 = 0) having 4 
.. 2 r „. S0 /;,^c su -r -,-mc'nviD-ODV.am.ne " -ernyip'ooy:amne. ^ethyl&JtylBm-ne. 1-methylpen- 
:;» a A,^ 1 -phe^vletuviamin-i. i^-raDWyhetl-ylamine. ar,- " -(ny 3 ro*ymetnyl,propyiam.ne f-cn.ral substi- 
t , e , ^imarv alKv.amnes (..*., P = V» nav.ng 4 tc 2C caroon atoms su=h as MmetnyDouty.amine, 2- 
met"vipen:ylam,ne, 2-pnen„propyiam,n e . 2.( Q -napnthy:, P ro P y:am,ne, anc 2-<nydroxybuty ;1 am,ne; prohnoie. 
™, nc denvat .es having 3 ,0 20 carbon atoms such as alKyl esters (e.g., methy! esters and ethy. 
" rs> ; '-amino acids, .-amine a:,d am,des, c-aminc add aniUdes. or peotides derived from tne same or 
diflerpn^ .-am.nc acids. It should be noted, however, tna: tne presence of a carboxy: group as an acid , s no, 
p Sable torn the reaction standpoints. Examples <* the typical optical.y active (either dextrorotatory or 
Lo ator amino acids, usable ,n the present invention are alanine, leucine, iso.euc.ne eth.on.ne. 
Seine irine tyrosine, tryptophan, threonine, norva.ine, noneucme. valine, h.st.d.ne. phenyla.an.ne, a- 
phen glycin . meth.on.ne. and proline; monoamine dicarboxylic acids and carboamides such as aspart.c 
£d gUamic acid, asparagme, and glutamine; and diaminomonocarboxyl.c acids such as argmine, lys.ne, 

^■^^^72™ "n be pre.erably derived from «he car b ox,,c acds 



. iBViPiQ 



rnr . n ( n,^Mro Mil 

n Zc^ug to Vurther ernbod.ments of the present Invention, the organ.c nonlinear optical substances 

have the following general farmu'.a fl): R , nrn R ior 0 0- 

(i) R- represents A represents Z'-Ar-, Z represents R- R D N-, R'O-. R'S-, NC-, R OCO , R COO 
RV.R-2M0C- R^CO{R 1 MN- or R'~, Ar represents an aromatic group having 6 to 14 carbon atoms, and B 
represents -OH- Amine* wherein Amine' represents an optically act,ve .-amino acid or the derivative 
thereof, which can include those as mentioned above 

(ii) R' represents H, A represents 



Z 3 — Ar 

z 4 / 



where one of 7} Z 3 and T represents H or substituted C,-C alkyl. the remainder of Z*. Z and Z 
represents together methylene dioxy group wherem the dioxy groups are bonded to the adjacent 
Sons of Ar. Ar represents an aromatic group, having 6 to 14 carbon atoms, and B represents 

,n -OH- Amine" wherem Amine" represents an optically active amine selected from the group consisting of 
1-phenylethylamine, v< a -naprKhyl)ethylamine, l-phenyl-2-methylethylamine, l-phenyl-2-aminopropane, 
K ' 3 . . - „ • - - i ./^.-nitrnni-,envU-1 3-propsned.ol . 2- 

brucme 1-butanol, 1-amino-2-propanoi, 2-ammu- i-p-.jp 0 n U i, ^ .m,n u . VH ~ r -e. y., . i- . 

dimethylamino-1-pheny.-l-benzyM-propanol. 1-(N,N-d,methylamino)-1 -phenyl-propylamine and a resi- 
due of an optically active o-amino acid and the derivative thereof; or the above-mentioned NR. 

45 The carbo<ylic acds forming the organic nonpar optical substances of this embodiment can be 

represented by the formula (IV): 

z 2 

«> n-Ar^-CH = CH A CH = C - COOH (IV) 



0 - Ar -(- CH = CH ^ 

/ 

CH n -0 



0-2 



CN 



Evampie- of such carbo-rylic acds are 3-(S 4-dioxynnethylenephenyl)-2-cyanopropenoic acid, 2- 
c y ano-5-r3.4-diOxvmethylene P nen y n-2,4-pentad.enc.:c acid. 2-c y ano-7-(3,4-d l ox y methvlenephen y !)-2^,6- 
heptatnenoic acid. 3^3.4-d.ox-ymethylene-6-propyonenylr2-cyanopropenoic aod. 2-cyano-5-(3 ,4-diox- 
vmethvlene-6-propv!phenvh-2 4- P entad,eno.c acd, 2-cy a no-7-(3.4-d,o.<vmethylene-6-prop y lohen y t)-2,4,6- 
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neptatnenoi: acic anc piperpnoy derivatives 

( ' (( , p- rer ,resemE H. o- Ch : - A represents p * wne r e P : r eP r eseni5 - 0' ar alxy grour having 1 tc 12 
carbon atoms, and B represents -OH* Amine* wnerem Amine' represents ar ooticahy active amine 
seiectec irom tne grojp consisting o J 2-amtnc-* -outanoi ' -amno-2-o r opanp. 2-ammo- -p r opanoi. 2- 
anino-i-^-niirophenyl;- ,3-p-opanediO' 2-d;metny. amine-' -pneny-' -per.zy- 1 -D'Goano. anc 1-(N.N- 
Oimetnyiammor 1 -pheny ; "O r 0Py.amine. 

Tne oa'po/yh: acios icm;nc the o-gam; nonlinear optica' substances o* this embodiment can be 
representee by the femjia (V; 



CH -i CR' = CH CK = C - COC 



*2 



0-12 0-2 



CN 



Examples o* such carboxyiic acid may include 3-alkyl substituted 2-cyano propionic acid derivatives 
such as 3-methyl-2-cyanopropenoic acid, 3-(n-propyi)-2-cyanopropenoic acid. 3-(n-butyl)-2- 
cyanopropenoic acid, 3-(n-pentyl)-2-cyanopropenoic acid, 3-(n-hexyl)-2-cyanopropenoic acid; 

5-Alkyl substituted 2 4-pentadienoic acid derivatives such as 2-cyano-5-methyl-2,4-pentadienoic acid, 
2-cyano-5-(n-propyl)-2,4-pentadienoic acid, 2-cyano-5-(n-butyl)-2,4-pentadienoic acid, 2-cyano-5-(n-pen- 
tyt)-2,4-pentadienoic acid, 2-cyano-5-(n-hexy!)-2,4-pentadienoic acid, 2-cyano-5-(n-heptyl)-2,4-pen- 
tadienoic acid. 

5-Alkyl substituted 2, 4-pentadienoic acid derivatives such as 2-cyano-5-methyl-2,4-hexadienoic acid, 
2-cyano-5-in-propyl)-2,4-he>adienoic acid, 2-cyano-5-(n-butyl)-2,4-hexadienoic acid, 2-cyano-5-(n-pentyl)- 
2,4-hexadienoic ' acid. 2-cvano-5-(n-hexyl)-2,4-he>adienoic acid, 2-cyano-5-(n-heptyl)-2,4-hexadienoic 
acid; 

7-Alkyl substituted 2,4,6-heptatrienoic acid derivatives such as 2-cyano-7-methyl-2,4,6-heptatrienoic 
acid, 2-cyano-7-(n-propyl)-2,4,6-heptatrienoic acid. 2-cyano-7-(n-butyl)-2,4 t 6-heptatrienoic acid, 2-cyano- 
7-(n-pentyl)-2,4,6-heptatrienoic acid, 2-cyano-7-(n-hexyl)-2,4,6-heptatrienoic acid, 2-cyano-7-(n-heptyl)- 
2,4.6-heptattienoic acid; 

5-Methyl 7-aikyi substituted 2.4,6-heptatrienoic acid derivatives such as 2-cyano-5-methyl-7-methy1- 
2,4,6-heptatrienoic acid, 2-cyano-5-methy!-7-(n-propy!)-2,4 1 6-heptatrienoic acid, 2-cyano-5-methyl-7-(n- 
but'yl)-2,4,6-neptatrienoic acid, 2-cyano-5-methyl-7-(n-pentyl)-2A6-heptatrienoic acid, 2~cyano-5-methyi- 
7-(n-hexyl)-2,4,6-heptatriencic acid, 2-cyano-5-methyl-7-(n-heptyl)-2.4,6-heptatrienoic acid: 

7-Alkyl substituted 2,4,6-octatrienoic acid derivatives such as 2-cyano-7-methyl-2,4,6-octatrienoic 
acid, 2-cyano-7-(n-propyl)-2,4,6-octatrienoic acid, 2-cyano-7-(n-butyl)-2,4,6-octatrienoic acid, 2-cyano-7- 
(n-pentyl)-2,4,6-octatrienoic acid, 2-cyano-7-(n-hexyl)-2,4,6-octatnenoic acid, 2-cyano-7-(n-hepty1)-2,4,6- 
octatrienoic acid, 
(iv) FT represents H, A represents 



c - c 



c c 

X 



and B represents -OH* Anr-ine* wherein Amine 1 represents an optically active amine selected from the 
group consisting of 1 -phenylethylamine, 1 -(a-naphthyl)ethylamine, 1 -phenyi-2-methyiethylamine, 1-phe- 
nyl-2-aminopropane, brucme, 2-amino-1 -butanoi, 1 -ammo-2-propanol, 2-ammo-1-propanol, 2-amino-V(p- 
nttropheny!)-1 ,3-propanedioi, 2-dimethylamino-l-phenyl-1 -benzyi-1 -propanol, and 1 -(N,N-dimethylaminc)- 
1 -phenyl-propyiamine; or -NR'Y. 

The carboxyiic acids forming the organic nonlinear optical substances of this embodiment can be 
represented by the formula (VI): 

( z 5 ^ ~ H-U CH = CH -) CH - C - COOH (VI ) 

'0-3 ' 0-2 CN 



g 



40 
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Examples r sucr carroxyii: acic ma\ induce to- examcie ?-(5-mem:;erec nnc aenvatives with 
neifer; a-i-rs sut:stiKnec 2-cvan:):ror«e r oic acids sucr as 

3-'3-tn!e-v!'-:-cvanc:o:.enoi: a:;c 3-;2-tr:iery! -2-cvanopropenoic acic, 3-a-pyrroiylr2- 
cvancDropenci; acc. 3-f3-ov: -a: y 1 r2-:yana:>ropenoi: a:i: 3-w:-1u- y!..-2-:.y ar,o:r ccenoic acic 3-(3-fu'v!;- 
2-cvanopropenoi:. acic. 3-;2-inoo'v'l-2-c y anoDrooonoic aci; 3-;3-ir l3 o.yi. ! -2-cyanDD''03eno.c acid. o-fN- 
m9 tM y .2^ vr ro-v!-2-cvan:orooenDic acic. 5-(N-metny-3-Dy"0'yi -2-cyanoprooencic acic. 3-(N-etnyi-2- 
cvrro'vl-2-cvanoprooenoi:: aoc. 3- i N-etry-3oy^oiv[-2-cyanco^penoic acid 3-(N---ou:y ; -::-pyrroiy!-2- 
cvanoc-)3^oi:"acid VV^"-D- , ty!-3-^yrroly , --2-cyariODro:>enoic ac-c 3-f5-nitrc-2-fjry!-2-cyanopropenotc 
acic ~3-:5-nitro-3-Tu'yl-2-:yano:>^ODenoiC acic. 3-;5-n:tro-3-:nieny! -2-cyanopropenoic a-:, 3-,'5-r,itrc-2- 
^eny|- ( -2-r.vanoDrcDenoi: ac;C. 3-f5-cnloro-?-inaoly!-2-cyanoDropenoic acid: 

5-f5-memDerec nnc aer,va;;ves with heterc atoms: substituted 2-cyanc.-2.4-pentad»erioic acids such 
gc 2-var^5^34nien V n-2 4-nentadienoic acid ; 2-cyano-5-i'2-th i enyl>-2 4-rjentadienoi: acid. £-cyano-5-(2- 
nvrro'vh-2 4-Dentadieno-c aoc. 2-=vano-5-{3-pyrro:y')-2.4^entadienoic acic, 2-cyano-5-f2-fuyh-2.4-pen- 
tadieno- ac ,d 2-cvano-E-f3-1u'vi.-2.4.pentadienoic add. 2-cya-. c -5-(2-,ridoly! r2.4- P emad,eno.c acid. 2- 
-yano-5-(3-i-idolvn-2.4-pentadteno.c acid. 2-cyano-5-fN-rnenthyl-2-pyrroly!)-2.4-pentad.enoic acid, 2- 
c ; 'an--5-(N-rneth'yi-3-py'roiy|-.-2.4-pentadienDic acid, 2-cyano-5-(N-ethyl-2-pyrrotyl)-2,4-pentadienoic acic, 
2-yano-5-(N-ethyl-3-pyrrotylj-2,4-pentadienoic acid, 2-cyano-5-(N-n-bulyl-2-pyrroly])-2,4-pentadienoic 
a-id 2-yano-5-(N-n-butyl-3-pyrroly!j-2 1 4-pentadienoic acid, 2-cyano-5-(5-nitro-2-furyl)-2,4-pentadienoic 
a-id' 2-cyano-5-(5-nitro-3-furvr.-2.4-pentadienoic acid, 2-cyano-5-(5-nitro-2-thienyl)-2,4-pentadienoic actd, 
2-cyano-5-(5-nitro-3-thienyl)-2.4-pentadienoic acid. 2-cyano-5-(5-chloro-2-indolyI)-2.4-pentadieno.c acid, 

5-(5-membered ring derivatives with hetero atoms) substituted 2-cyano-2,4,6-heptatneno.c acids 
su-h as 2-ryano-7-f3-tnienvl)-2.4.6-heptatr.enoic acic, 2-cyano-7-(2-thienyl)-2.4.6-heptatr.enoic acid, 2- 
ryann-7- ( '2-pyrro!yh-2.4 6-heDtatrienoiC acid, 2-cyano-7-(3-pyrrolyll-2,4 1 6-hepiatrienoic acid, 2-cyano-7-(2- 
kryl>-2 46-heptatrienoic acid, 2-cvano-7-(3-furyl)-2,4,6-heptatrienoic acid, 2-cyano-7-(2-indol J rl)-2,4.6-hep- 
tatnenor acid 2-cyano-7-(3-fury!)-2,4,6-heptatnaenoic acid, 2-cyano-7-(2-indo!yl)-2,4,6-heptatrieno!C acid, 
2-cyano-7-(3-indo(y!)-2,4,6-heptatr 1 enoic acid. 2-cyano-7-(N-methyi-2-pyrro!yl)-2,4,6-heptatnenoic acid, 2- 
cyano-7-(N-meihyi-3-pyrroly!)-2.4.6-heptatrienoic acid, 2-cyano-7-(N-ethyl-2-pyrrolyl)-2,4,6-heptatrienoic 
acid 2<yano-7-(N-ethy;-3-pyrroivl)-2.4,6-heptatrienoic acid, 2-cyano-7-(N-n-butyl-2-pyrrolyl)-2,4.6-hep- 
tatnenoic acid. 2-cy£no-7-(N-n-butyl-3-pyrrolyl)-2,4.6-heptatrienoic acid. 2-cyano-7-<5-nitro-2-furyl)-2,4,6- 
heptatnenoic acid. 2-cyano-7-(5-nitro-3-iuryl)-2.4,6-heptatr.enoic acid. 2-cyano-7-(5-n.tro-2-th.enyl)-2.4.6- 
hexatr.enoic acid, 2-cyano-7-(5-nitro-3-thienyl)-2 1 4,6-heptatrienoic acid, 2-cyano-7-(5-chloro-2- 1 ndo!yl)- 
2,4,0-heptatrienoic acid. 

EXAMPLE 

The present invention will now be further illustrated by. but is by no means limited to, the following 
Examples. 

Synthetic Eyample 1 

Synthesis of 2-cyano-5-(4 -dimethylaminophenyl)-2,4-pentadienoic acid (1) 

Tc 100 ml of an aqueous solution of 2.55 g of sodium hydroxide 5.97 g of methyl cyanoacetate was 
added and further 9.55 g of p-dimethylaminocinnamoyl aldehyde was added under stirring, followed by 
heating to 85 • C with continuous stirring for 40 hours. After completion of the reaction, 50 ml of 12 N 
hydrochloric acid was aaded, and a solid was recovered. The solid was subjected to recrystalhzation from 
methanol, repeated twice, to give 6.38 g of the desired product, m.p. 218 - 219 "C. The elemental analysis 
of C 68 40% H 5 88%, N 11.30% coincided well with the calculated values of C 69.36%, H 5.84%, N 
11 56% IR absorption spectrum: presence of CN group at 2216 cm"'-, COQH group at 1673 cnrT\ benzene 
ring and conjugate double bond at 1615, 1586, and 1551 cm" being recognized. In NMR spectrum, 
absorption by methyl group was recognized at 3.08 opm, and AE type absorption based on benzene r.ng at 
6.80 and 7.60 ppm. \ma> was found to be 440 nm. 



55 
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Svntnesif Exanoie 2 

Svnthesis o' 2-ry3nc'-3-'^- dirTiet nyia nninoo nenv! -2-prorjenoi: acic f2j 

5 Ir 400 nn i o J a r aaueojs solution o^ 13 7? g o* sodium hydroxide, 34.80 g o' methy! cyanoacetate was 

dissoivec and 34.01 z o ; p-dimetnyiamn:.- benzaiaehyae was trier aaaed unoe- a nirogen atmospne-e, 
folioweo dv aoding 200 m: of eU.anoi to obtain a uniform solution. Unas- reflux, the stirring was continues 
fo r 51 riou r s and tne 'eacVon m-rture was aadec to 12 N hydrochloric acic tc obtain the precipitates, "ne 
resultant solid was repeatec twice to recystallize from a metnanoi.'etnano mixture tc obtain 13.51 g of the 

tc needles. 

NMR spectrum: methy! g-ouo at 3.06 pprr,, doublet benzene ring at 6.84 - 6.82 pprr, and 7.93 - 7.95 
pprr,, and -CH= group at 8.25 pprr, 
Yieid: 3"% 
m.p.: 226 - 228 < C 

75 Elemental analysis: C 66.82%, H 5. 56%, N 12.76% (Calc. C 66.14%, H 5.60%, N 12.96%) 

Xmax in ethanol: 399 nm 

Syn thesis Eomple 3 

20 Synthesis of 2-cyano-5-(4-methoxyphenyl)- 2,4-pentadieno ic acid (3) 

The desired compound was prepared in the same manner as in Synthesis Example 1 by using 16-2 g 
of p-metho>:ycinnamic aldehyde having a melting point of 45.5 * C, which was obtained from p-methox- 
ystyrene and phosphorus trichloride according to a method disclosed in J. Amer. Chem. Soc, 78, 3209 
25 (1956), 4.8 g of sodium hydroxide and 11,3 g of methyl cyanoacetate. The product was recrystallized from 
ethanol to obtain the needles having a melting point of 240 * C at a yield of 69%. 

Elemental analysis: C 68.11%, H 4.81%, N 6.10% (Calc. C 68.10%, H 4.85%, N 6.11%) 
NMR spectrum: methyl group at 3.83 ppm, doublet benzene ring around 7.02 - 7.64 ppm, and -CH = 
group at 7.09, 7.59 and 8.06 pprr.. 
30 Xmax in ethanol: 372 nm 

Synthesis Example 4 

Synthesis of 2-cyano-3-(3,4-methylenedio><yphenyt)-2-propenoic acid (4) 

35 

To an aqueous solution containing 14.20 g of sodium hydroxide and 33.75 g of methyl cyanoacetate, 
30.32 g of 3,4-(methyienedioxy)benzaldehyde was added, followed by stirring at 95' C for 16 hours. After 
completion of the reaction, an aqueous diluted hydrochloric acid solution was added to obtain a pale yellow 
solid. The resultant solid was recrystallized from ethanoi to obtain a crystal having a melting point of 
40 233 ' C 

Elemental analysis: C 61.01%, H 3.21%, N 6.37% (Calc. C 60.83%, H 3.26%, N 6.45%) 
infrared spectrum: Absorption by -CN at a wavelength of 2224 cm" 1 , -COO- at 1677 cm -1 , conjugated 
system at 1575 cm"' and 1293 cm"' 

NMR spectrum: -CH Z - at 6.19 ppm(s), -CH = at 8.22 ppm(s), and -H based upon a benzene ring at 
45 7,12, 7 63, and 7.68 ppm. 

Synthesis Example 5 

Synthesis o' 2-cyano-3-(3.4-dimethoxyphenyl)-2-propenoic acid (5) 

so 

To 150 ml of an aqueous solution of 9.19 g of sodium hydroxide, 20.50 g of methyl cyanoacetate was 
added and, under stirring. 25.38 g of 3,4-dimethoxy-benzaldehyde was further added, followed by heating at 
85 'C ior 40 hours under stirring. After completion of the reaction, the reaction mixture was added to 50 ml 
of 12 N hydrochloric acid to recover the resultant solid. The solid was repeated twice to recrystallize from 
55 ethanol tc obtain 19.84 g of the oesired compound. 
rV..p.: 206.13'C 

Elemental analysis: C 61.94%, H 4.78%, N 6.04% (Calc. C 61.79%. H 4.76% ; N 6.01%) 

IR spectrum: Absorption by CN group at 2221 cm"'. COOH group at 1716 cm~\ benzene ring at 1595, 
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1573 anc 151 2 err - ' and presence o* conjugates aouoie Done 

NM~ spect-jm Aosorptior bv mstnyi grewp a: 3.9^ - 4.0: opm. AEX ivpe afcsorot.or oasec upon 
benzene ring at 7.00. '.55. an: 7.B& opm 

MT,a>. \r, etnanoi. 353 nm 

Svntnes^ Example 6 

Sv^tneS'S o* 2-cyano-3-f£ ^-dimtropnenyh^ - propenoic acid (6.* 

^ ^ ..■-c rr'anpr^ "■■ tnp -,?nne r a c r Svntnes'S Example 5. except that 

io The aesrec compound to; w a ? oc-iaintfC >■ me *>d...^ . ks.i.ic i. ^>.i.. ^ m 

2,4-aifiitrooer.zaidehyde was usee instead o' 3,4-dimethoxybenzaidehyde. 

Elemental analysis. C 46.00% H 1.98%. N 16.03% (Calc C 46.53%, H 1.92%, N 15.97 « 

7 5 Synth esis Example 7 

Synthesis of 2-cyano-5-(3>dimethoxyphenyI)-2.4-pentadienoic acid (7) 

The desired compound (7) was obtained in the same manner as in Synthesis Example 1, except that 2- 
20 (3,4-d.methoxyphenyl)-1-formyl 1-propenoic acid obtained from the reaction of 3,4-dimethoxy benzaidehyde 
and phosphorus trichloride. 
M.p.: 190' C 

Elemental analysis; C 64.70%, H 5.15%, N 5.62% (Caic C 64.85%, H 5.06%, N 5A,%) 
25 Synthesis Examples 8-14 

The compounds (8) - (14) shown in Table 1 were synthesized from the corresponding aldehydes and 
methyl cyanoacetate in the manner described above. 
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Table 1: Eyr. thesis of Aroma tic Derivative 
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7C 


g 


r ~ 


NC -C « -CH-C(CN)CO0H 
2 6 - F 54.91 


2 . 


93 


20S 
12 . 8C 


/ 




5 5 . 


C5 


3G2mr. 
2.75 


12 


34 




9 


P- 

r 


CH -O-C K -CK-C(CN)COOH 
364 F 65.10 


4 . 


64 


229 
6.71 


/ 


c 


65 . 


02 


JtU iUT. 

4.96 


6 


es 


75 


10 




H-C H -CK-C(CN)COOK 

6 4 F 69.58 


4 . 


36 


210 
8.03 


/ 


c 


69 - 


35 


295nm 
4 . 08 


8 


09 


20 


11 




C H -CH-CH-CH-C(CN)COOH 
65 F 72.50 


4 . 


60 


212 
7.01 


/ 


c 


72. 


34 


320nm 
4 .56 


7 


04 




12 




C H -CH-CH-CH-CH-CH-C(CN)COOH 

^ 5 T 7 ^ 7 S ^ A P 


238 


/ 


c. 


7 4 . 


64 


3 60nm 
4.93 


6 


.22 


25 


13 


m 


-CH -0-C„H -CH-C(CN)COOH 
364 F 70.69 


6 


67 


166 
12 . 37 


/ 


c 


71 


16 


296nm 
6.88 


12 


.46 




14 


P 


-C „H„,0-C e H -CH-C(CN)COOH 
10 21 6 4 F 73.55 8 


55 


82 
A .15 


/ 


c 


73 


43 


B.53 


4 


. 06 



30 



+1: determined in methanol 



35 Synthesis Example 15 

Synthesis of trans,trans,trans,2-cyano-7-(n-pentyl)-2,4,6-heptatriene-1-carbo<ylic acid (15) 

To 150 ml of an aqueous solution containing 6.87 g of sodium hydroxide and 16.40 g of methyl 
40 cyanoacetate 14.85 g of trans,trans-2,4-decadiena! was added, followed by heating at 100*C for 16 hours 
under stirring. After completion of the reaction, an excess amount of an aqueous hydrochloric acid solution 
was added thereto to obtain a viscous solid. The resultant solid was recrystalhzed from n-hexane to obtain 
the crystal having a melting point of 98 - 102 • C. 

Elemental analysis: C 70.00%, H 7.75%, N 6.27% (Calc. C 71.19%, H 7.83%, N 6.39%) 
45 IR spectrum: -CN at 2211 cm - ', -COO- at 1609 cm"', conjugated system at 1561 cm -1 and 996 cm"' 

NMR spectrum: -CH = CH- at 6.25 - 7.95 ppm, long CH- and CH 3 - at 0.85 - 2.2 ppm, integrated 
intensity was well coincided. 

Synthesis Example 16 

50 

Synthesis of trans,trans,2-cyano-5-(n-heptyl)-2.4-pentadienoic acid (16) 

The desired compound was synthesized and purified in the same manner as in Synthesis Example 15, 
except that trans 2-decenal was used as a starting material. Thus crystals were obtained. 
55 Elemental analysis: C 71.20%, H 8.90%, N 6.17% (Calc. C 70.55%. H 8.67%, N 6.33%; 
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Syntnesu Example : " 



Svntnesis o ; 2-cvan:--3--'2-tni6ny| - g -o-ops nji: ac e ' J 

s To 160 m, o J an aaueous soiutio- confining 20.9" c sodurr nyoroxiae and 46.1' c of metnyi 

cyanoacetate 40.08 g of tmopnene 2-carDoxyaidehyoe was aDoec tollowec Py neatinc at 90 ' C tor 9 noj's 
urioer sirring. Ahe; completion o : tne reaction, an excess amourr. o ; hyorocnion: actd was aooed anc tne 
resultant soiic was -ecove'ec 7n 6 soi'd was recystali^sc from etnano 1 tc ostar- tne needies. 

,o Be^emll analyses: C 53.63°.. H 2.69%, N 7.80% S 17.70% (Caic. C 53.61%. H 2.82%. N 7.82% : S 

17.89%) 

NMF spectrum: proton o< tniophen ring at 7.34, 8.02 and 8 17 ppm proton at p-positior. a' £.55 ppm 
\max in ethanor 335 nm 

is Synthesis Example 18 

Symhesis_o_t_ 2-cyano-3-(3-thienyl)-2-propenoic acid (18) 

The desired compound (18) was prepared in the same manner as in Synthes^ Example 17, except that 
20 thiophene 3-carboxyaldehyde was used instead of thiophene 2-carboxyaldehyde. 
M.p.:2H"C 

Elemental analysis: C 53.73%, H 2.71. n 7.73%, S 17.52% (Caic. C 53.61%, H 2.82%, N 7,82%, S 
17.89%) 

25 Synthesis Example 1 9 

Synthesis of 2-cyano-3-(2-pyrroiyl)-2-propenoic acid (19) 

After 36 93 g of methyl cyanoacetate and 16.94 g of sodium hydroxide were dissolved in 260 ml of 
30 water 23 80 g of pyrrole 2-carboxyaldehyde was added thereto, followed by heating at 95 *C for 30 hours 
under stirring. Thereafter, hydrochloric acid was added and the resultant solid was recrystallized from a 
mixed solvent of ethanol/methanol to obtain the crystal having a melting point of 21 3 'C. 

Elemental analysis: C 59.34%, H 3.82%, N 17.26% (Caic: C 59.25%, H 3.73%, N 17.28%) 

35 Synthesis Example 20 

Synthesis of 2-cyano-3-(2-furyl)-2-propenoic acid (20) 

The desired compound (20) was obtained in the same manner as in Synthesis Example 17, except that 
ao furfural was used. 
M.p.: 219-C 

Elemental analysis: C 59.02%, H 2.95, N 6.53% (Caic: C 58.89%, H 3.10%, N 8.59%) 
Xrnax in ethanol: 330 nm 

45 Synthesis Example 21 

Sy nthesis of 2-cyano-5-(2-furyl)-2,4-pentadienoic acid (21) 

The desired compound (21) was prepared m the same manner as in Synthesis Example 17 except that 
so 24.7 g of 3-(2-furyl) acrolein was used. 

The melting point of the resultant compound was 220 • C and the structure thereof was confirmed by the 
elemental analysis value and NMR spectrum. The Xmax in ethanol was 368 nm. 
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S eries 's ^_^Z:2^.J-3 

Svntnests C s-cyano-'^-'j^-^^-^^ 

-ne desired cor.oounc (22) was soared ,r tne sane manne- as ,r. Syntnes* Example 2' excep: tna: 
^ a.aehvoe oota.nec from the ox.cat.cr react.or w*-. phospncrus ox.r^ionae mentioned n Syndesis 
Example 3 ua- stru^e ^ tne resu'tar; was confmec Oy ar NMR soectrjm, 

S /r : h esi£ Example 2 3 

Svnt nesis o' 2-cvano-3-:3-n doi^- D^oenOiC acid (23) 

me aes.ed compound (23) ,n the form ol a pale yellow fiaKe d-ysta was obtained at a v.eid of 33^% 
tn tne sa ^ e manner as ,n Synthesis Example 1 by using 21.34 g of .naole 3-carboxyaiaenyae, BA< w o 

15 sodium nyaroxide and 23 46 g of methy: cyanoacetate 

Bem^a'Liysis- C 68.33%. H 377%. N 13.29% (Cac. C 67.92%, H 3.80%, N 13.20%) 
Xmax in ethanoi: 378 nm 

20 Evaluation method of intensity o' second harmonic generation 

According ,0 the method as oescribed m S K. Kufl* et al. Journal of Applied Physics (J. AppL Phys^ 
VO' 39 p 3798 (published in 1968), the generation ol the second harmonic wave was measured tor the 
^ wde r'nf thP rnmpound of the present invention. As the incident ray source, a beam o, ..^ - - 

„ Tase (2 W 2 KHz pulse) was emp,oved and irradiated on the powdery sample filled in a glass ce,L he 
ncdent Ugh. was filtered by a finer and the green Ugh, generated at an ,nc,dent angle of 55 from tne 
no ma" d 'ec 'on was detected to obv,a,e the effect from the strength of the incident light. As the sample tor 
ConTro rea pLder or nvnitroaniKne powder having a particle size of 50 to 90 urn, which was previous* 
nowce ed followed by sieving, was employed. Regarding the resistance to a laser beam the laser beam 

™ was irradia ted to the sample and the deformation in the appearance was visually observed. Generally the 
SlSSJoTtn. principal characteristics was earned out at a non-focus pom, because the intensity of 
the laser beam was strong. 

Exampie 1 

A 2 39 a amount of the carboxyHc acid compound (1) obtained ,n the Synthesis Example 1 was 
dicsolv d n 150 ml ol tetrahydrofuran and, to the resultant solution, 118 g of L-<-)-l-pheny,e.hy amine wa 
adde under stirring. Momentarily, the precipitate was generated, which was filtered to recover 3.6 g of a 
reddish orange so'd. The solid was recrys.allized from e.hano.methano. mixture to obtan 2.16 g of 
40 needles. The elemental analysis value o? this product was as follows. 

C: 72.70% (Calc. "72.09%), H: 6.68% (Calc. -6.95%), N: 11.63% (Calc. 11.56-) 

IR sDectrum: carboxylate at 2400 • 3200 cm 1 

in the case of the carbcx/lic acid ,1). the absorbance of the COOH group at 1673 cm"' was shifted to 

about 1620 cmr 1 to exhibit the generation of the salt formation. 
< 5 The NMR spectrum exhibited an absorbance by a methyl group a. 2 95 ppm, benzene at 674 - ,.50 
5 ppm nd meth'y, group o, 1-pheny,ethy, amine at n 50 ppm. The relative ra„o ^J^.^ 

absorbance intensity was 2:1. indicating the formation of a salt of carboxylic acidam.ne - 1.1. The 
mo was also confirmed from the elemental analysis. The xmax of this salt ,n ethane, was 

420 nm which was changed to the low wavelength side oy 20 nm when compared with tha of the 
60 r. ponding carboxylic ac,d ,1). The melting point was 188'C and the degree of ^ orJ» ^ 

a, Na-D ray in methanol was -5- Ic = 0.597). When the powder was .radiated by ai.M a Jh. of Nd YAG 

laser, tne intensity of the second harmonic generation was about 3 times of that of m-n„roan,l,ne. 



o' ca-Doxylic bus C ) and ■ -(pher-y!)etiylaminE 
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^ne carppxyit: acid ; *2> prepare ir tne Synthesis Exam pie 12 was usee i; fo r rr a sal: witn L-f-^-1- 
Phenyletnyiamine ir a THF soiutio-- i r tne same manne- as r Example Tne crystals were precipitated 
wit h tne elaose of time. Tne resultant cvsta 1 was recystakzed kern, a mixec so'ven*. o* metnanoi/ethano to 
ootar a paie yeliow cysta' navn: a melting point o* 1 "2 1 C 

Tne eiementa 1 analysis of tne resultant c-ysta is : T 7 £.98%, 6 18% : anc N £.06%. wmcn was weh 
ppinciaec witr tne :.a;:j;ated value o' C 76.26%. H 6.^1%. anr N £.09% r te-ms o' & 1:1 salt o' tne 
carDOxyhc acid ('.2; anc phenyiethyiamne. 

IR spectrum showed broad carpoxyiate absorption at 240C - 320C cm" 
group at 1673 err,"' in tne carooxyitc acid (12) was snitted to abDut 1 
tne salt. 

The NMR spectrum: gave an integrated intensity suggesting the formation o ; carpoxyl 
1:1. The degree of the optical rotation [ Q ] D at Na-D ray in methanol was -C.97 oegree (c = 0.5S7). Tne 
Xmax in ethano! of the resultant sal: was 355 nnv wh.ch was changed to the iow wavelength side by 5 nm 
when compared with that of the corresponding carboxylic acid. When the powder was irradiated by a 1 .06 u 
light of Nd-YAG laser, the intensity of the second harmonic generation was about 1.8 times of tnat of m- 
nitroaniline. 



anc tne apscption of COOH 
crr~' to revea; the formation of 

acid amine of 



20 Examples 3-12 

Optically active amine salts of various carboxylic acid compounds were obtained in the same manner 
£S jn Example 1, and their second harmonic generating abilities were determined. The results are shown in 
Table 2. 

25 

Table 2 





Example 


Carboxylic 


m.p. 


Elemental analysis (Found/Cal;.) 


Degree of 


Xmax 


SHG ' 




No. 


acid amine 


CC) 




optical 




generating 


30 










rotation [a]o 




ability 




3 


11 PEA 


147 


0:74.92%, H:.6.14%. N: 8.77% 
(0:74.96%, H:6.30%, N: 8.74%) 


-2.01 


325 nm 


1.2 




4 


2 PEA 


177 


C:70.69%, H:6 67%, N:12.37% 


-0.33 


385 nm 


0.4 


35 








(0:71.18%, H 6.38%, N:12.46°'c) 










5 


9 PEA 


136 


0:69.96%, H:6 04%, N: 8.61% 
(0:70.34%, H 6.23%, N: 8.64%) 


-0.88 


320 nm 


0.3 




6 


10 PEA 


164 


0:72.82%, H:5 98%, N: 9.58% 
(0:74.45%. H 6,26%, N: 9.65%) 


-0.73 


288 nm 


0.1 


40 


7 


13 PEA 


149 


0:70.41%, H:6 23%, N: 8.62% 
(0:70.34%, H-6 23%, N: 8.62%) 




285 nm 


0.3 




8 


5 PEA 


207 


0.67.74%, H:6 12%, N: 7.94% 
(0:67.77%, H:6 27%, N: 7.91%) ■ 




333 nm 


0.2 




9 


4 PEA 


176 


0:67.79%, H:5 37%, N: 8.21% 




337 nm 


0.3 


45 








(0:67.43%, H:5 37%, N: 8.28%) 










10 


8 PEA 


154 


0 63.31%, H:4.78?%, N:12.25% 
(0:63. 70%, H:7,94%, N:12,38%) 


+ 2.35 


302 nm 


0.1 




1 1 


23 PEA 


175 


C71.90%. H:5.64%, N:12.52% 
(0:72.04%, H:5.76%, N:12.61%) 




358 nm 


0.1 


50 


12 


20 PEA 


150 


C 67.90%, H:5.64%, N: 9.52% 
(0 67. 58%.. H:5.68%, N 9.85%) 




320 nm 


0.2 




PEA: L-{-/ 


phenyiethylamme 



* (relative to m-nitroaniline (m-NA)) 
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Exa mple 13 

A C.6~ c amount o l tne ca'coxvhc acic ^ ootamec ir Synthesis Example 4 was aissoivec ir 7 m; o ; 
te;-anya r otu r ar,. foliowec D\ aadinc C.S2 c o ; optically act'v-:- -iQ-napntnyl lethyiamine Tne resultant 

soiic was fi!ie r ec and nacysta^zec from etnano: "Tne neltmg pom: was 17" 'C anc tne ratic of the 
tmejqratec intensity o*' tne aosonoiior peaks of the ca r bcxync acid (4: component ic (c*-napntriy!)etpyiarnine 
component sucr as metny grcup ootamec irom tne NrVR spect-jm was ".:;. 

Tne elements anaivs:? was C T l.55%. h 5.20%. N ~.^% wmcn was coincided with the calculates 
vaue. C 71.55%. H 5.26%.. N 7 .20% whicn was leasee uoo~ tne io-matior o' a 1:1 salt o* the carooxyiic 
tj acid anc tne amine. 

Wher the resultant crysta. w-as finely powoerec anc 1 tne generation o J tne second harmonic generation 
was determined, tne intensity of the emission is about 1.5 times of that of tne urea 

Example 14 

A 0.93 g amount of the carboxylic acid (1) obtained in Synthesis Exampie 1 was dissolved in 10 ml of 
tetrahydrofuran, followed by adding 0.70 g of S-(-)-l-(o-naphthyl)ethylamine thereto. The resultant solid was 
recovered and washed thoroughly with tetrahydrofuran. After drying, the crystal having a melting point of 
171 *C. The degree [o] D of the optica! rotation of the sample in methanol was -30.0 degree (c = 0.04} and 
20 >vir.a>. was 421 nm. The maximum wave length was approximately coincide with that of Example 1. The 
second harmonic generation generating ability of the crystal was about 3.9 times of that of urea. 
Furthermore, when the crystalline powder was exposed to the laser beam for a long time, apparent damage 
was not observed. 

25 Examples 15-19 

Various optically active amine salts were prepared in the same manner as in Example 14 and the 
second harmonic generating abilities were determined. 
The results are shown in Table 3. 

30 

Table 3 



Example 


Carboxylic acid 


Optically active amine 


SHG generating ability *1 


15 


Synthesis Exampie 5 


1 - Ph en y 1-2 - m ethy leth y 1 am i n e 


1.5 


16 


Synthesis Example 7 


1-Phenylethylamine 


5.0 


17 


Synthesis E<ample 7 


1 -(a-naphthyl)ethylamine 


3.5 


18 


Synthesis Example 5 


1-Phenylethylamine 


2.0 


19 


Synthesis Eomple 5 


1 -Phenyl-2-aminopropane 


2.5 



'1 : Eased on urea powder 



E>ample 20 

45 

A 1 .54 g amount of the thiophene-containing carboxylic acid (17) obtained in Synthesis Example 17 was 
dissolved in 40 ml of tetrahydrofuran, followed by adding 1.46 g of optically active R-(-)-1-phenylethylamine. 
The precipitated solid was recovered and recrystallized from ethanol to obtain the crystal having a melting 
point of 171 "C (decomposition) 

so The elemental analysis values were C 63.85%, H 5.15%, N 9.30%, S 10.40%, which were well coincide 
with the calculated values, C 63 97%, H 5.38%, N 9.33%, S 10.17% based upon a 1:1 amine salt of the 
carboxylic acid. The integrated intensity ratio cf the absorption peak of the carboxylic acid of Synthesis 
Example 17 and phenethylamine from the NMR spectrum. The maximum absorption wavelength was 322 
nm. When the second harmonic generation was determined after the crystal was finely powdered, the green 

55 emission having tne aotlrty of about twice of tnat of urea was observed. 
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a • s amojrv. o' me S-suDSt-unec tnopnene caw: ace -8; ootame: .-. Svntnes'S = xa™_.fc 
W8 c' d elved ,r. ?C nl o' tet^varotjrar.. fol.owec oy a 3 0,n S * .20 c o< ~--onenv,etnv,am,r,e , he 
. o.J-iD^e: soic was -ecoverec an; -ecrvctaliizeC wrr etnano. afur ory.n S . tc obtain tne cyw navmg e 

Tne eiementa! analysis vaiuef were C tJ.b^-c /c. i\ -.J -c, ~ 

v ...- ,- a ,-, jla; ^ V8 l.e= C 63.9^% H 5.38°,. N 9.33% S Casec upon a v.. amine sal. o. tne 

a ;,c. migrated intensity ratic o« tne at^o^or peak o' tne ca^y.c ace o' Syntnesis 
,c Example 18 and pnenethylamine from the NMR spectrum 7t» maximum aoso-Pt,or w^en^ .2 
nm The second harmonic generating ability of tne c-ysta' was o times o: tha. o. ure* M ...axim.m 
absorption wavelength of the sample in etnanol was 322 nm 

Example 22 

A Q 9° q am ount o! the carboxylic acid (21) obtained in Synthesis Example 21 was dissolved in 40 ml 
of tetrahydroturan. followed by aoding 0.78 g of opt.cal active R.(.)-l-phen y lethylam,ne tnereto. 

After n-hexane was then added, the precipitated solid was recovered. The solid was recrystallized from 
ethanol to obtain the crystal having a melting point of 121 -C (decomposition). The elemental analyse data 
20 were C 69.55%. H 5.95%. and N 9.00%. which was well coincided with the calculated va lues of tn e op cany 
let, e amine salt of the synthesized carboxyl.c acd (21 ). The emission having an intensity o, abou. 5 t me 
of tnat of urea was observed by an Nd-YAG laser beam The maximum absorption wavelength of the 
sample in ethanoi was 350 nm. 

25 Example 23 

A 3 20 g amount of the carboxylic acid (12) obtained in Synthesis Example 12 was dissolved in 50 ml 
of tetrahydroturan, followed by adding 2.50 g of R-(-)-2-ammo-1-butanol thereto. 

The precipitation was momentarily generated and, after filtering. 3.00 g of yellow solid wa, recovered a 
30 mixed solvent of ethanol/methanol to obtain 2.1 g of tne needie having a melting point of 18 .C . The 
op ical rotation degree in methanol w„h an Na-D ray was 16 degree. The maximum absorption of the 
sample in methanols 355 nm amine saH of the synthesized carboxylic. The second harrnon,c generating 
ability of the powder was 33 times of that of urea. 

35 Examples 24 - 42 

The salts of various carboxylic acids and optically active alcohol amines were carried out in the same 
manner as in Example 23 and the second harmonic generating abilities of the resultant crys.als were 

determined. 
40 The results are shown in Table 4. 



45 



50 



55 



18 
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Tariie A 



SH3 generating ! 
ability * r ! 



2^ 


2d 


- Am: , ""ic-2-rj''i'Oano 




1 ! 


2-Aminc-' -OJtanO' 


26 


2 ■ 






1 u ! 




28 


2 i 


-Ammo-2-propano; 


29 


10 i 




30 


1 I 




31 


12 




32 


2 


2-Amino-i -propanoi 


33 


10 


2 -Am in o-1 -(p-nitrophenyh-1 ,3-propane dio; 


34 


12 


35 


12 


2-Dimethylamino-1-phenyl-l-phenyi-1 -benzyl 


36 


17 


2- Amino- 1 -butanol 


37 


17 


2-Amino-1 -propanoi 


38 


4 




39 


20 




40 


20 


2-Amino-l -butanol 


41 


21 




42 


19 





e.9 

1.8 
1.2 

30.0 
1 .1 

26.0 
1 .1 
C.5 
0.2 
0.7 
0.6 
3.0 
1.5 
1.3 
3.8 
5.0 
3.6 
3,2 



*1: Based upon urea powder 



Example 43 

A 0 89 g amount of dimethoxy substituted conjugated carboxylic acid (7) obtained in Synthesis Example 
7 was dissolved in 10 ml of THF, followed by adding 0.42 g of dextrorotatory R-(-)-2-am.no-l-b U tar,^The 
resultant precipitates was filtered and recrystalhzed from ethanol to obta,n the wh„e crystal having a melting 
pom of 130.5-C. The NMR spectrum of the resultant so„d revealed the integrated intensity. wh,ch show 

35 Z oration of 1:1 by mole salt of the corresponding carboxylic acid and amine. The crystal was fine y 
pow ered and the second harmonic generating ability was determined. As a result the emission capaW y 
thereof was 5 8 times of that of urea. The maximum absorption of the sample in ethanol was 370 nm. The 
powder of 2 -me,hyl-4.nitroani,,ne used as a control was melted and carbonized under the 
conditions of the second harmonic generating ability, whereas the change ,n the em.ss.on capabil, y of the 

40 present sample with the elapse of t.me was not observed and the damage resistance of the present sample 
against light was good. 

Example 44 

The amine salt was formed in the same manner as in Example 43. except tha, R-(-)-1 -amino-2-propanol 
was used as the optically actrve amine. The second harmonic generating ability of the resultant saK was 
about 4 times of that of urea and the ability was not changed with the elapse of time. Thus, .t has been 
observed that a high resistance to the light damage was good. 

so Example 45 

The salt wa« formed in the same manner as in Example 43, except that the dimethoxy compound (5) 
obtained .n Synthetic Example 5 as tne carboxyhc acid. The emission capability of tne resultant salt was not 
changed when the sample was exposed to a laser beam for a long time 

5E 
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E>:amDle_4£ 

A 2 30 c amount o J L-pne^ via:anme etny' ester nycrochiDnae was suspended m 50 m of ethe r . followed 
o\ aaana tnereto 0.96 c c/ tnethy' amine ano turner 30 m o 4 water ten nv o 4 trie supematan: etner rjnase 
i was -Gcoverec and this solution was aooec tc a previously prepared soiutior o f 0.26 c o' tne aoove- 
mennonec carpoxyhc ace (1; m 6 m ! o ; "H-. Tne needles we f e ootamec wt^ tne eiaose o* time. The 
Decomposition o' this crysta was 180* C Wher tne second r.a-monic generating aoility o'' tms crysta was 
determined tne intensity was aboo* '0 times o*' that c' jrea 

E> ample 47 

A 3.30 g amount of L-valme methyl ester hydrochloride was suspended \r. 50 ml of etnen followed by 
adding thereto 1.89 g of triethy' amine tc ootain an ether solution of tne L-valine methy; ester. This solution 
was addeo to a solution of 0.1 2 g of the above-mentioned carooxyhc acid (2) in 10 m! of THF to obtain the 
75 needles. When the second harmonic generating ability of the crysta! powaer was determined, the intensity 
was 3 times of that of urea. 

Ex amples 48 - 64 

20 The amine salts of a-amino acid esters of various carboxylic acids were obtained in the same manner 
as in E<amples 1 and 2 and the second harmonic generating abilities were determined. 
The results are shown in Table 5. 



Table 5 

25 





Example 


Carboxylic acid 


Optically active amine base 


SHG generating 
ability *1 




48 


10 


L-Phenylalanine ethyl ester 


16 


30 


49 


12 




10 




50 


8 




5 




51 


10 




7 




52 


13 




5 




53 


15 




4 


35 


54 


19 




4 




55 


1 


L-Valine methyl ester 


12 




56 


11 




15 




57 


14 




4 




58 


12 




18 


40 


59 


16 




3 




60 


1 


D-Phenylglycine methyl ester 


10 




61 


9 




5 




62 


7 




11 




63 


1 


cr-N-Benzyol-L-aginine ethyl ester 


8 


45 


64 


7 




3 



'1 : Eased on urea 



50 E xample 65 

Synthesis of S-(-)-phe nethy! 2-cyano-5-phenyl-2,4-pentadienocarboxamide (24) 

A 3.3 g amount of an acid chloride of the compound (11) obtained by thermally treating the compound 
55 (11) with thionyl chloride was added, under vigorous stirring, to 20 ml of dioxane containing 1 .8 g of S-i-y 
phenethyl amine and 1.5 g of tnethyl amine. After stirring at room temperature for further 3 hours, the 
reaction proauct was added to a large amount of wate r and the resultant precipitates were filtered, followed 
by recrystallizing tc obtain 2.7 g of yellow needles having a melting point o< 117" C. 
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Eic-merta ana-vsis C ^£.50% -6.05% \ £ 30% 'Caic : ^ ^ c c - 5.00% . N £ .26% ■ 
l~ anso'Otiar soectrurr -rj-i- grour: s* 3364 c^ - " ON p/ojr at 22*6 ct - ' amine . t. at 1649 err" 
anc ; 522' enr ~ ' 

a "lay i r aioxarie 336 nm 

r Wrsen trie second ha'monK generating aoilitv o' tne cysta 1 was Gete r mmec. tne intensify was about n 

times o* irea and tnere are nc substantia: Deformation wner tne sample was rradiatec 4 c a long time. 

Example 66 

Syntnesis o' S- ; - '-pnenetn^ 2-cvan :-%pneny-2 4.6-rieotatnene- ' -ca r co>;amioe >25) 

A 1.79 q amount of the acid chlonae of tne compound (11) (nr.. p. 143'C; obtained by tnermaliy treating 
the compound (11} with thionyi cnioride was adaec, under vigorous stirring, tc 30 ml ot THF containing 1.06 
c of S-r-phenethy! amine and 0.70 g of pyridine dissolved therein After completion of the reaction, a large 
'£ amount of water was aaded to the reaction product and the resultant precipitates were filtered, followed by 
recrystallizing. to obtain 1 .6 g of a crystal having a melting point of 128' C 

Elemental analysis: C 80.74V H 6.20%, N 6.66% (Caic C 80.44% H 6.15%. N 8.53%) 

IR aosorption spectrum: -NH- group at 3360 cm"", -CN group at 2216 cm"', presence of amine I, II at 

1649 cm"' and 1522 cm - ' 
20 Xmax in ethanoi: 370 nm 

NMR spectrum: the methyl group of phenethyl group at 1.57 ppm, -CH= at 7.99 ppm, 6.79 - 7.05 ppm, 
E.82 ppm (Thus, the structure of the desired compound was confirmed; 

When the second harmonic generating ability o* the crystal was determined, it was observed that the 
intensity was 1.1 times of urea and there are no substantial deformation after a long time irradiation of a 
25 laser beam. 

Example 67 

Synthesis of S-(-)i -(u -naphthyl)ethyl 2-cyano-7-phenyl-2.4,6-heptatriene- 1 -carboxamide (26) 

To a dry THF solution of an equivalent mixture of the compound (i2j and S-<-)l -(a-napnthyl)ethylamme, 
dicyclohexylcarbo diirmde was added, followed by stirring for one night. The precipitated dicyclohexyi urea 
was recovered by filtration and the mother liquor was concentrated, followed by recrystallizing from a 
rrvxture of ethanol/'methanol to obtain a white solid having a melting pent of 100 "C. 
35 IR absorption spectrum: -NH- group at 3360 cm _ \ CN group of 2220 cm -1 , presence of amide I, II at 

1650 cm - " 1 and 1522 cm" 1 

When the second harmonic generating ability of the crystal was determined, the intensity was 4 times 
of that of urea and there are no substantial deformation after a long time irradiation of a laser beam. 

40 Examples 68 - 72 

Various optically active amides shown in Table 6 were obtained from various carboxylic acid and 
optically active acid amide. 
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Claims 

1. An organic nonlinear optical substance having the formula (I): 



CR =CH 



CH 



CN 



C 

II 

0 



- B 



I) 



wherein 

R' represents -H or -CH S 

n is 0, 1, or 2; 

A represents Z'-Ar-, 
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z 2, c - C 

Z 3 _Ar-, F 2 - , or (Z 5 ) r -j~ i ; 
,V' C C 

X 



M r„-r A --.e-ce- a^-^ neww B'orr.at.c 9 '0U-. mci-jdnc a heterocyclic ring o- b.sphenylene 

St^is^v ** N , R -o, » s .. n=. r» OC o.. c^.. w ^ ^ 

, B - MN _ 0 , R -<_- Z ; anc independently r eD -esent H-, a C--^ a.kyi-. h * n iy 
C o- ,wo * ^. r common, *ChC * presents H- or a CC, alky. R- to R» 

ndependentiv represent H, o- a C-C-c hyorocarbo-. residue: ? moeoendentiy represents H, e v-C t 
indepenoem.y re. e ^ R 23r2< N -. wherein P/ to R ? ' maependently 

saturated hydrocarbon residue. 0;N-. R ^ , H ~ . in- o. n 

, eD , e < ent H „ r a C .-C t saturatec hydrocarbon res.due; X represents -S-. -0-, or NR . 0 cr 
' T L 1 rr T an- P 2f re D r«en«= H or a hydroca-bon group having 1 to 8 carbon atoms; 
" "T^s'^a:^ where Amm/ represents an op.iCy ^ * 

represents -H or a Single bond: V represents -<CH 2 i c COQ'O where , p js 0 oM Q . Q .and Q^are 
different and represent -H, a C-C, alky!, phenyl, naphthyl. -OH, -CH.OH .^COOR , CNR R ^ a 
tes ,due of an .-amino acid from wh,ch an ammo group .s removed where , R to R 
reoresent -H or -C-C hydrocarbon residue; or V represents -CQ'QQ' where Q , Q and U are 
Xem and Q and tf are as defined for Q' . Q 2 and and Q 6 represents (CH, , q ot which one bond 
. . , . t „ ~* d* whprp n i<; an inteoer of 1 to 4. 

2. An organic nonlinear op„ca, substance as Calmed in claim , 1 wherein ,n the formu to (I). R' represents 

25 ; R i represents an aromat,c grip halg 5 to 14 carbon atoms, and B represents -OH- Amine- 

wherein Amine' represents an optically active am.ne selected from the group consisting of 1- 
JeTeCamL. Hc-naphthyl) ethy,am,ne, l.phenyl-2-methylethylamine, 1- P heny,-2-aminopropane, 

and brucine. 

35 butan" , Vamino-2-propanol. 2-amino-Lpropanol, 2 . ami no-1-( P -nitro P henyl -1 ,3- P ropanedio,. 2- 
dTe^lamino-t-phenyM-benzyM-^^^^^^ 

4. An organic nonlinear optical substance as claimed in claim t, wherein, in the formula (I), represents 

H, A represents 



40 



Z 3 ^Ar 

wherem one of Z\ Z\ and Z* represents H and the remainder independently represents C-C. o alky I. 
JT R ™, N . R'-S or O N-, Ar represents an aromat.c group having 6 to 14 carbon atoms, and B 
represents a residue of an optically active am.ne selected Irom the group ^^J^." 0 ^ 
butanol l.am,no-2-propanol, 2-amino-l-propanol, 2-amino-i-(p-n.tropnenyi,-l ,3-p opaned.ol, 2 

dimethylam,no-l-phenyl-1-benzyl-1-propanol.an a t^,N-d,methy.am,no)-1-phen y lpropylam,ne. 

An organic nonlinear optical substance as claimed in claim 1. wherein, in the formula (I), R' represents 

H, A represents 
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z 2 , 



3 " 
Z Ar 

wnere-n one a* 7- a nc .' -epresems H- and i-* remainde- .naeponaen-Jy rep-ese^ C-C-:alky! 
R -; -, r-r-in- F'*S- o- " N- A- rec"-esen;s a^ s'O-natic group having 6 tc 14 carbo r dorrs, anc ^ 
^ D X^ntc a -es.cueV a- ootical.v acfve ami-* selected from the grojr co-.sistmg o« HDhenyi- 
c etnyiamme. 1-ia-napntnybetnyiamine. 1 -phenyl •T.etny.etryiamme. 1 -phenyi-2-am.nopropane. ana 

brjcine. 

6. An organ.c nonlinear optical substance as claimec « claim l.where.n. ,n the tam*©-* represents 
H A represents Z Ar, Z" represents H, M R'O, R«S, NC, 0.N-. R-0.0, R^COCK 

, 5 R--R-2N0C-. R' : CO(R'MN, or R'--. Ar represents an aromatic ring having 6 to 14 carbon atoms. an„ a 
represents -NR' Y. 

7. An organic nonlinear optica, substance as claimec m claim 1. wherein, in ^ ^rmula (I), R ' represents 
H A represents Z'-Ar, T represents R^N-.R'O- R'S-. NC, R*OCO, R-COO, R R 2 NOC, R 'CO- 

J0 (R")N- or R-- Ar represents an aromatic grouo having 6 to 14 carbon atoms, and B represents 

-OH- Amine" where.n Amine" ,epresents an optical I, ■ active 0 -amino acid or the der.vat.ve thereof. 

8. Ar. organic nonlinear optical substance as claimec ,n claim 1 , wherein, in the tormuia (i). R' represents 

H. A represents 

25 

z\ 

z 3 - Ar- 

30 

where one of Z 2 Z 3 and T represents H or substituted C-.-Cb alkyl, the remainder of Z 2 , Z\ and Z* 
represents together methylene dioxy group wherein the dioxy groups are bonded to the adjacent 
posit.ons of Ar Ar represents an aromatic group having 6 to 14 carbon atoms, and B represents 
3. -OH - Amine* wherein Amine' represents an optical active amine selected from the group cons.st.ng of 

1-phenylethylamine, 1 -(a-naphthyl)ethylamine, 1 -phenyl-2-methytethylamine, 1 -phenyl-2-am.nopropane, 
brucine 2-amino-1-butanol, 1-amino-2-propanol, 2-amino-1 -propanol, 2-amino-1-(p-nitrophenyl)-1 ,3-pro- 
panedioi, 2-dimethylamino-l-phenyM-benzyM-propanol, 1-(N,N-dimethylamino)-1 -phenyl-propylamine, 
and a residue of an optically active a-amino acic and the derivative thereof; or -NR 4 Y. 

9 An organic nonlinear optical substance as claimed in claim 1, wherein, in the formula (I), FV represents 
H or CH 3 A represents R 5 where R 2 represents H or an alky! group having 1 to 12 carbon atoms, and 
B represents -OH Amine' wherein Amine" represents an optically active amine selected from the group 
consisting of 1-(phenyl)ethylamine, 1-^-naphthybethylamme, 1 -phenyl-2-methylethylamine. 1-phenyl-2- 
45 aminopropane, brucine; 2-am,no-1-butanol, 1-ammo-2-propanoi, 2-amino-1-propanol, 2-amino-1-(p- 

n,trophenyl)-1 3-propaned.o!, 2-dimethylamino-1- P nenyl-1-benzyl-1-propanol, 1-(N,N-dimethylam.no)-1- 
phenyl-1-benzyM-propanoi, 1 -(N^-dimethylammui-Vphenyl-propylamine, and a residue of an optically 
active a-amino acid and the derivative thereof. 

50 10. An organic nonlinear optical substance as claimed in claim 1, wherein, in the formula (I). FT- represents 
H, A represents 

C - C 

55 v ' r i. 

c c 

\ / 

X 
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anc E represents -OH- Amine* wnerem Amine' represents ar optically active amine seiecteC frorr tne 
a-ojp consisting o J -pnenyietnyiamine * -m-napnthyl letnytamme '■ -pneny'-2-metryietnyiamine *- 
pnenv-2-ammoprooane prjeme. ^-ammo-i-outano'.. 1 -amino-^-propano.. 2-amin:-' -propano,. 2-aminC" 
' -(c-nifopnenyi -1 ,3-proDanedio-., 2-dimetnyiaminc-i -oneny- 1 -penzv-' -prooanp:. 1 -fN.N- 

dimetnyiaminO'-i -pneny-propyiarnine. and a residue o J an optualiy active a-aminc acid anc the 
derivatives tnereo': o r NR 4v 

11. A- organic nonhnea r optica substance as ciaimec r claim wherein r tne fo-mu^ (\< R" r ep''esents 
H, A represents 

z\ 

Z 3 — Ar 

wherein one of Z 2 , Z~, anc! Z* represents H- and the remainder independently represents O -Chalky!, 
R' £ 0-, R 17 R lfc N-, R' S S. or 0:?N-, Ar represents an aromatic group having 6 to 14 carbon atoms, and B 
re p resen ts -OH- Amine* wherein Amine" represents an optically active a-amino acids or the derivatives 
thereof. 

Patentanspriiche 

1. Organische nichtlineare optische Verbindung mit der Formel (I): 



CR X =CH -) CH = C - C - S 



CN 0 



(I ) 



worin R 1 Wasserstoff Oder -CH 3 reprasentiert; 
n gleich 0, 1 Oder 2 ist; 
A die Gruppe Z'-Ar-, 



Z 2 V c - c 



Z 3 «Ar-, R 2 - Oder (Z 5 )'^- 



Z 4 " C C 

\ / 
X 



reprasentiert, 

45 worin Ar eine 6-1 4gliedrige aromatische Gruppe einschlieGlich eines heterozyklischen Rings oder 

Bisphenylenrings reprasentiert; 

Z* Wasserstoff, R 5 R £ N-, R 7 0-. R E S-, NO, R 2 OCO-, R" D COG, 0 2 N-, R'"R' 2 NOC-, R 13 CO(R u )N-, Oder 
R*-- reprasentiert; 

Z 2 , Z 3 und Z 4 unabhangig voneinander Wasserstoff, emen C- -Ce-Alkyirest, R ,,E 0-, R' 7 R 1E N, R-S-, 
so 0;>N- oder zwei R 1 * -Reste reprasentiert, welche kombiniert R^CHK ergeben; 

R : Wasserstoff oder emen C- -C- 2-Aikylrest reprasentiert; 

R- bis R 20 unabhangig voneinander Wasserstoff oder emen C--C c-Kohlenwasserstoffrest reprasentie- 
ren; Z 5 unabhangig Wasserstoff, einen gesattigten C- -Ce-Kohlenwasserstoffrest, 0-N-, R 2 '0-, R^S-, 
NC- oder R 23 R 24 N- reprasentiert. worin R 2 * bis R : * unabhangig voneinander Wasserstoff oder emen 
55 gesattigten C- -Cg-Kohlenwasse-stoffrest reprasentieren; X -$- -0- oder : NR 2t reprasentiert; r gleich 0 

Oder erne ganze Zah! von 1 bis 3 ist; und R 2& Wasserstoff oder eine Kohlenwasserstoffgruppe mit 1 b:s 
8 Kohienstoffatomen reprasentiert: und 

worm B -OH'Amin* reprasentiert, wobei Amin ein optisch aktives Amm reprasentiert; -NR 4 Y, wobei R 4 
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Wa^e-tof ooe- erne r_,n:acno.naunc reo-asent.er Y -<CH., ; COW -eo-asentie- wooe o giecr 0 
~. ^ rv un= 3* ve'scn.eaer. smc una Wasserstof e.r C ■ -C -Ai,:y . Pneny. Naontny.. -0 . .. 
rw"Vo*»£i -CNF*-' unc e.nen Re.s: e.ne- c-Aminosaun vor oe> er Ammores'. enttern: 
re^enJen* war, R 2i bfc R- unabnang.g vone-nanoe; Wasserstof ooe; ^i'^^C 
se- l0 ftres- reorssentieer: ooe- worn-. Y -CO'CfQ- repraserrt.er.. wor.r Q « un. . 
«nc unc 0' unc 0* w.e W o> 0' 0 : aoo 3* 3 e1,n, e - sno. unc wooe: 0- (Cri : ic rSDrasem-en, von 
aerr e.ne Bmdung mrt de- B«r.aun S vor R' verK^pt wooe: c erne ganze tan! vor 1 o* - :s.. 

0- aa-,s=ne n,ch«neare cot*ce Vero.ndung nacr Ansp^ 1. won; ,rde- ™ <t R ,^ E ^o 
re^asent.ert Z" Wasserstof R ! H £ N- R~ 0- . R'S, NC-, R*OCO, R~COw-, O-, n n -NO., n .O 

R ; MN- oder R-- reprasenfert. Ar erne aromauscne Gruppe mit 5 bis 14 Kohienstofiatomen reprasen- 
tor.'unc, B -OH-Am.n- reprasentiert, worm Amin" e.n opt.sch akt.ves Amr.. ausgewahlt aus der aus i- 
pCvllylamir,, V^-Naphthy.-ethyi-am.n, l-Phenyl-2-m^ylethy.amin. 1^-2-arrunopropan und 
Brucm bestehenden Gruppe. reprasentiert. 

Organ.sche nichtlineare opt.sche Verb.ndung nach Anspruch 1. worin .n der Forrnel (!) R R .^f°« 
reprasentiert V H- ff-R'N-, R-0-, R«S-. NC-. 0 : .N-, R'-OCO-, R' c COO-. R R -NOCY-, R CO(R )N 
ode r" epfasentiert, Ar e,ne aror.at.sche Gruppe m„ 6 bis 14 Konlens.offatomen und B e.n 
OH.Amin- reprasent.ert. wobe. Amin" ein opt.sch akfives Amin reprasent.ert, ausgewahlt aus der aus 
^Arn^ -bu-anol, l-Am^-propanol. 2-Amino-l-propanol. ^ino-HP^^ylM.^P-^. 

1- Dinathyt-amino-l-phenyl-l-benzyl-i-propanol und HN.N-dimethylam.noH-phenyl-propylam.n beste- 

hendsn Grupps. 

Organische nichtlineare optische Verbindung nach Anspruch 1, worin in Forrnel (I) FT Wasserstoff 

reprasentiert, A 

z 2 

Z 3 ~~Ar 



z 4 ' 



reprasentiert. worin einer der Reste 6 
r- und Z« Wasserstof! reprasentiert und die restlichen unabhang.g voneinander C -- C ^- Alk /'- " U 
rivr'»N- R'=S Oder 0 2 N- reprSsentieren, wobei Ar eme aromatische Gruppe m.t 6 b.s 14 Kohlen- 
stoffatomen reprasentiert und wobei B e.nen Rest e.nes opt.sch aktiven Amins reprasent.ert, welches 
au T aus 2 Amino-1-butanol. 1-Amino-2-propanol, 2-Amino-l-propanol. 2-Am,no- -(P"™ rophenyl - 
13-propand.ol. 2 .D l methylam l no-1-phenyl-1-benzy|.1-propanol und 1-<N.N-d,methylamino)-1 -phenyl- 
propylamin bestehenden Gruppe ausgewahlt ist. 

Organische nichtlineare opttsche Verbindung nach Anspruch 1 
reprasentiert. A 



worin in der Forrnel (I) R 1 Wasserstoff 



7 



Ar 



reprasentiert, worm einer der Reste _ ■ Aar r r Aikvi R 1t O- 

V und Wasserstoff reprasentiert und d.e restlichen unabhang.g vone.nander C: -C* c-Alkyl, H u 
R1 7 R u N . R-s S - Oder 0;N- reprasentieren, worm Ar eme aromatische Gruppe mit 6 bis 14 
Kohlenstoffatomen reprasent.ert und B einen Rest emes optisch aktiven Amms reprS sent.^. ausge- 
wahlt aus der aus 1 -Phenylethylamin, Va-Naphthy,ethylamin, VPhenyl-2-methyletnvlam.n, l-Pheny,-2- 
aminopropan und Brucin bestehenden Gruppe. 

Organ,sche nichtlineare opt.sche Verbindung nach Anspruct 1, wori, ,n der Forme! (.) * 
reorasentiert. A Z'-Ar- reprasent.ert. wobei T Wasse-stoff. R" R 1 N- , R- 0-, R'S-. NC-, R OCO , 
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p-:r-- )0 _ R--p'?NOC- P'-CO^.'MN- coe- R'~ reprasentiert. wooe A- emer aromatsscner. Ring mit 6 
Dis 14 Komenstotfatome' rep-asenuert unc wooe E -NR £ v reprasentiert 

7 Orqarusche n.cntiirwe opsone Veronaung nacr Answer i. won- m ae< Form* (1; R' Wasserstof 
reo'asent^r.. A r-A- revenue-.. Z N- - - R' S-. NC-. R^OCO-, R*0OG, h R <NOu 

R^CO^R-'iN- ooe^ — - reD^seni.erv Ar etne a^omaiiscne G-uppe nr. 6 Dts i4 Komenstofiaiomen 
reprtisentiert jnc wonr £ -On- Amir', wooe; Amir' eme opt:scr atatve o-Amincsau-e peer aerer, 
Denvate -eprssentiert 

8. Organische mchtimeare op::sche Verbindung nacr. A-sprucr. 1, worm ,r der Forme, .;!., R' Wasserstof 
reprasentiert, A 



„2 

z 3 - 

,4 



• Ar 



reprasentiert, worm einer der Reste 

Z-' Z= und Z' Wasserstcff reprasentieren Oder einen substituierten -C E -Alkylrest und wobei die 
restlichen Reste T< Z'> und Z 4 zusammen erne Methyl&n-dioxy-Gruppe reprasentieren, wobei die 
n.~ x .._ G „.p pc .n =>n h,p bf-nenhbarten Positioner! an Ar gebunden sind, wobei Ar eme aromatische 
Gruppe mit 6 bis 14 Kohlenstoffatomen reprasentiert und worin B -OH- Amin- reprasentiert wobei 
Amin- em optisch aktives Amin reprasentiert, ausgewahlt aus der aus 1-Phenylethylamm, 1-a-Naphth- 
vlethylamin 1-Phenyl-2-methyleth y lamin, 1-Phenyl-2-aminopropan, Brucin, 2-Amino-1 -butanol. 1-am.no- 
2-propanol 2-Amino-i-propanol, 2-Amino-1-(p-nitrophenyl)-1.3-propandiol, 2-Dinnethyl-amino-l-phenyl- 
1-benzyl-1 -propanol, i-(N.N-Dimethyl-amino)-1-phenyl-propylamin und einem Rest einer optisch aktiven 
a-Aminosaure und deren Derivate bestehenden Gruppe; oder -NR*Y. 

9 Organische nichtlineare optische Verbindung nach Anspruch 1, worm in der Formel (I) R< Wasserstoff 
Oder Methyl reprasentiert; A R? reprasentiert. wobei R 2 Wasserstoff oder eme Alkylgruppe mit 1 bis 12 
Kohlenstoftatomen reprasentiert und worm B -OH-Amin" reprasentiert, worin Amin- em optisch aktives 
Amin reprasentiert, ausgewahlt aus der aus 1-Phenylethylamin. 1-(c-Naphth y l)ethyla m ,n, 1-Phenyl-2- 
methylethylamm, 1-Ph S nyl-2-aminopropan. Brucin; 2-Amino-1-butanoi, 1-Amino-2-propanol, 2-Am.no- - 
propanol, 2-Am,no-1-(p-n,trophenyl)-1 ,3-propandiol, 2-Dimethy!amino-l-phen y !-1-benzyl-i-propano^ 1- 
(N N-dimethylamino)-1-phenyl-1-benzyi-1-propanol, 1-(N,N-Dimethylamino)-1-phenyl-propylam,n und ei- 
nem Rest einer optisch aktiven a-Aminosaure und deren Derivate bestehenden Gruppe. 

10. Organische nichtlineare opt.sche Verbindung nach Anspruch 1, worin in der Formel (I) R 1 Wasserstoff 

reprasentiert, A 



4 + 

c c 

\ / 

X 



und B em -OH-Amin' reprasentiert, wobei Amin' ein optisch aktives Amin reprasentiert, ausgewahlt aus 
der aus 1-Phenylethylam.n, 1 -( B -Naphthyl)ethylamin-1 -phenyl-2-methylethylamin, 1 -phenyl-2-aminopro- 
pan Brucin 2-Am,no-1 -outanol, 1 -Amino-2-propanol. 2-Am,no-1 -propanol, 2-Am,no-1 -(p-n«trophenyi)- 
1 3-propandiol, 2-Dimethylamin-1 -phenyM -benzyi-1 -propanol, l-(N,N-Dimethylamino)-1-phenyl-propyla- 
mm und einem Rest einer optisch aktiven a-Aminosaure und deren Derivate bestehenden Gruppe; oder 
NR*Y. 

11. Oganische nichtlineare opt.sche Verbindung nach Anspruch 1, worir. in der Forme! (!) Wasserstoff 
reprasentiert, A 
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z 3 

n4- 



-Ar 



ae' Reste 2 : , Z : ' und Z L Wassersto^ reiraserrnert und die restiicnen 
u.a.-.^u,. vu-. Ci ,a,^ ~ -G-;-Akv! R"<G-. R'^N- -S oae- 0; N-reorasent.erer. , A r eme aro~,a- 
t-sche orupoe mi* 6 D:s 14 KohienstoKatomer. repraseni.e^. unc E em -On-Amm- -p^sentiert. worm 
Amn' erne optisch atrtive a-Amincsaure oaer aerer. Denvaie reprasent.en. 



reorasentie"t. worm erne 
aohangig vcmemanoe' 



Revendications 

1. Substance optique nor, imeaire organique reponaant a ;a formule (I) 



CR =CH 



CH = C 



c - a 



20 



i .^vll^ D' rnni-ocontP -H ("ill -i,H-a 

n est 0, 1 ou 2 ; 
A represente Z 1 -Ar-, 



CN 0 



Z — Ax- 



R 2 - 



C - C 



3 u (2 ) r - 



C C 
X 



ou Ar represente un groupe aromatique a 6 a 14 chaTnons comprenant un cycle hete rocy clique 
cycle du type b.sphenyiene ; Z represente H-. R*ff N-, R'O-. R»S-. NC, 0C0-. R«COO-. 0,N-, 
r'*R 12 NOC- R' 3 CO{R 1 MN- ou R 15 - ; Z 2 , Z 3 , et Z A representent independamment H-, un groupe^alkyle 
en C C E R 16 0- R 17 R lE N R-S- 0 2 N-, ou deux symboles R 16 representent ensemble R 2C CFK ; R 2 
represente H- ou un groupe alkyle en Ci-C,, ; R^ a R 2 '° representent independamment H-. ou un 
radical hydrocarbure en 0,-0:0 i 7> represente independamment H-, un radical hydrocarbure sature en 
C C ON R 2 '0-' R 22 S- NC- ou R 23 R 2A N-, ou R 21 a R 2i representent independamment H ou un 
radical hydrocarbure sature en C-C ; X represente -S-. -O-ou > NR 2 * ; r est 0 ou un entier de 1 a 3 ; 
et H 2i represente H ou un groupe hydrocarbure ayant 1 a 8 atomes de carbone ; 

B represente un groupe -OH - Amine* dans lequel Amine represente une amine optiquement active ; 
-NR 4 Y dans lequel R 4 represente -H ou une simple liaison ; Y represente -(CH 2 ) P CQ'Q 2 Q 2 ou p est 0 ou 
1 ■ Q 1 Q 2 et Q 3 sont differents et representent -H, un groupe alkyle en C--C 5) un groupe phenyte, 
naphtyle -OH, -CH 2 OH, -COOR 25 , -CNR 26 R 2; , un radical d'alpha-aminoacide dont un groupe amine est 
elimine *R 2 - a R 27 ' representant independamment -H ou un radical hydrocarbure en C-.-Ca ; ou Y 
represente -CQ*Q E Q 6 ou Q* , Q E et Q £ sont ditlerents et 0 L et Q 5 sont tels que defims pour Q-. Q< et 
Q= et Q f represente (CH 2 ) q dont une liaison est liee a la liaison de R A ou q est un entier de 1 a 4. 

Substance optique non lineaire organique selon la revendication 1 , dans laquelie dans la formule >. {\) W 
represente H, T represente H-, R- R £ N-, R'O-. R'S-, NC-, R'OCO-. R-COO-, 0 2 N-. R** R- 2 NOC-, 
R*3CO(R-*)N- ou R' e --. Ar represente un groupe aromatique en C-C-.. et B represente -OH- Amine ou 
Amine* represente une amine optiquement active choisie parmi la 1 -pnenylethyiamine, la 1 -(alpha- 
naphtyl)ethylarmne, la 1 -phenyl-2-methyethylamme. le 1 -phenyl-2-aminopropane et la brucme, 

Su^tance optique nor, lineaire organique selon la revendication 1, dans laquelie dans la formule (I), R' 
represente Z represents R 5 R b R 7 0-, R*S, NO, O3N-, R^OCO, R' = COO-. R"R-*NOC-. 
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R^CCXP'MN- oi. R" v A- represente ur. g^ouoe aromaiiaue en C<-d* e: E renreseme up. groupe 
-OH • Amine' oi Amine' represente,- une amine optiouemen; active cioisie cans ie groupe constitue pa^ 
te 2-aminr-*-Du:ano ie . -amino-2-prooanoi. ie 2-amin;-' -propane., ie 2-amm:-i -ip-muoone nyl;-: ,3- 
oropanedo, ie 2-dimetny- ammo- ■ -pneny-" -rjenzvi- ■ -rj'Opano et ia * -i'N.N-dinnetny-amin;j.-l -oneny- 
pi opylamtne 

4. Susotance optoue no- lineage cganiaue selon ia reveno;oatior 1 dans iaquelle. cans la fonmule ft). R' 
r eo r esente H. A represente 

Z J - Ar 



ou un des symboles Z 2 , Z 3 et Z 4 representent H et les autres representent independamment un groupe 
alkyie en d-de, R lfc 0-, R' 7 R :E N-, R' e S, ou O^N-, A' represente un groupe aromatique en C*-d* el B 
represente un radical d'une amine optiquement active choisie dans le groupe constitue par le 2-amino- 
20 1-butanol, le 1 -amino-2-propanol, le 2-ammo- 1-propanol, le 2-amino-1-(p-nitrophenyl)-1 ,3-propanediol, le 

2-dimethyl-amtno-l-phenyi-Vbenzyl-l-propanol et le 1 -(N,N-dimethy!-amino)-1 -phenyipropylamine. 

5. Substance optique non lineaire organique selon la revendication i, dans iaquelle, dans ie fumiuie (I) R* 
represente H, A represente 

25 
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ou un des symboles Z 2 , Z~ et Z 4 representent H- et les autres representent independamment un 
groupe alkyle en d-d c , R 1£ 0-, R' i7 R 1E N-, R 1S S-, ou 0 2 N-, Ar represente un groupe aromatique en Ce- 
dt et B represents un radical d'une amine optiquement active choisie dans le groupe constitue par la 
l-(phenyl)ethylamine, ia 1-(alphanaphryl)ethylamine. la 1-phenyl-2-methylethylamine, le 1-phenyl-2- 
aminopropane et la brucine. 

Substance optique non lineaire organique selon la revendication 1, dans Iaquelle dans la formule (I), R 1 
represente H, A represente ZW-, Z 1 represente R 5 R G N-, R 7 d, R 8 S, Nd, 0 2 N- ( R 5 0CO, R 10 COO- 
R 1 "R" 2 NOC- 1 R^COCR^JN- ou R" E -, Ar represente un cycle aromatique en (Vd* et B represente 
-NR 4 Y. 

7 Substance optique non lineaire organique selon la revendication 1, dans Iaquelle, dans ia formule (I), R 1 
5 represente H, A represente Z^Ar-, T represente R^N-.R'd, R E S-, Nd, R-0CO-, R 10 COO- ( 

R -1 R' 2 NOC- ( R' 5 CO(R'*)N-ou R' b -, Ar represente un cycle aromatique en Ct-Cu et B represente un 
groupe -OH* Amine' dans lequei Amine* represente un alpha-aminoacide optiquement actif ou un derive 
de celui-ci. 

\o 8. Substance optique non lineaire organique selon la revendication 1, dans laquelie, dans la formule (I), R 1 
represente H, A represente 




Li 



6. 
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aes svmpoies Z : . Z'~ e* Z L represente H u- groupe aky:e e r C--O t substitue les autres 
represented ensemrjie jr -rojpe metnyienedrj/y a an- ieaue' les grpjpes dioxy son: lies aux positions 
aaiacenies oe- A-. A- represente ur croupe- a-jmattoue er Ci-C-< e: E represents up g-oupe 
-O^- Amine* cans leoue Amine' reoresente une amine optiauemen; active cnoisie dans le g r ouoe 
construe pa- la ' -pnenvietnviamme i -(aioha-napnn'i)etnviamine la i-oneny-2-methyletnylamme, le 
pn§ny.-2-am.noDroDane'. la D-jcme. le 2-amino-1 -putano;. le 1 -am:no-2-propano ; . le 2-amino-1 -propanoi, 
le W 2-aminc-l-lc-nifODhenv!;--:.3-Dropane3iol. le 2-dime^yiamino-vpnenyi- '-Denzy-1 -propanoi. la V 
(N,N-d^etnv;amno-'--pn9-v-P'OPvSamine et -jn radica 1 . d'jn alpna-amnoaciae apt-querned actii e: le 
aertve oe ceiu>-c ; , oj -NR'Y 

9 Substance optique nor lineaire organique seion la ^evendicatior, ^. cans iaqueiie, dans la formule fl). R* 
represente H ou CH,, A represents R 2 . dans leque: P' represente H ou ur groupe aikyie en C--C-2, et 
B represente un groupe -OH • Amine* cans ieque. Amine* represente une amine optiquement active 
choisie^ dans ie groupe constrtue par la 1 -(phenyljethyiamine, i-(alphanaphtyl)ethylamine.la l-phenyi-2- 
m*thyiethyiamine le 1 -phenyl-2-ammopropane, la bruc.ne ; le 2-amino-l -butanol, ie 1 -ammo-2-propa- 
noi le 2-amino-i-propanol, le 2-amino-i -<p-nitrophenvl)-l ,3-propanediol, le 2-dim9thylamino-1-pheniM - 
benzyi-1 -propanoi, la i-(N,N-dimethylamino)-l-phenyi-propylamine et un radical d'un alpha-ammoacide 
optiquement actii et le derive oe celui-ci. 

10. Substance optique non lineaire organique selon la revendication 1, dans laquelle, dans la fomnule (I), R 1 
represente H, A represente 

c - c 

c c 

X 

et B represente un groupe -OH- Amine' dans lequel Amine* represente une amine optiquement active 
choisie dans le groupe constitue par la 1-(phenyl)etnylamme, l-{alphanaphtyl)ethylamine,la 1-phenyl-2- 
methyiethylamine, le 1 -phenyl-2-aminopropane, la brucine ; le 2-amino-i-butanol, le l-ammo-2-propa- 
nol le 2-amino-1 -propanoi, le 2-amino-1-{p-nitrophenyl)-1 ,3-propanediol, le 2-dimethylamino-1-phenyl-1 - 
benzyl- 1 -propanoi, la i-(N,N-dimethylamino)-1-pheny^propylamine et un radical d'un alpha-aminoacide 
optiquement actif et les derives de celui-ci ; ou NR 4 Y. 

11. Substance optique non lineaire organique selon la revendication 1, dans laquelle, dans la formule (I), R 1 
represente H, A represente 

Z 3 — Ar 



ou un des symboles Z £ , Z l et Z A represented H- et les autres represented independamment un 
groupe alkyte en Ci-C-c, R 1fe 0-, R :7 R 1E N-, R* S S. ou 02N-, Ar represente un groupe aromatique en CV 
C- t et B represente un groupe - OH- Amine* dans lequel Amine' represente des alpha-aminoacides 
optiquement actits et leurs derives. 
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@ Organic nonlinear optical substance. 

An organic nonlinear optical substance having the formula 
1 



(1 



A -4- CR"=CH -i— CH = C - C 
^ nit! 

CN O 

wherein R 1 represents -H or -CH3; 

n is 0, 1 . or 2; 

A represents Z 1 -Ar ( 



B (I) 



Z 3 ^Ar-, R 2 - 



or 



c - c 

I 
I 

c c 

\ / 

X 
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wherein Ar represents a 6 - 14 membered aromatic group 
including a heterocyclic nng or bisphenytene type ring; Z 1 
represents H-. RWN-. R 7 0-. R 8 S-. NC-. R 9 OCO-. R 10 COCK 
0 2 N- ( R 11 R 12 NOC, R 13 CO(R u )N-, or R 15 -; Z 2 , Z^, and Z 4 
independently represent H-, a Ci-Ca alkyi-. R«0-. R 17 R 1B N. 
R 1 *S-, O2N-, or two R 1 ' being, in combination, R 20 CH , R 2 
represents H- or a O-C12 alkyl; R 5 to R 20 independently 
represent H-. or a C1-C10 hydrocarbon residue; Z s independ- 



ently represents H- a Ci-Ce saturated hydrocarbon residue 
0 2 N- R 21 0-, R 22 S-, NC-, or R 23 R 24 N- wherein R 21 to R 24 
independently represent H or a C,-C« saturated hydrocarbon 
residue, X represents -S-, -O-, or >NR 2fl ; r is 0 or an integer 
of 1 to 3; and R 26 represents H or a hydrocarbon group having 1 
to 8 carbon atoms; 

B represents -OH - Amine* where Amine* represents an 
optically active amine; -OR 3 where R 3 represents a C12-C25 
linear hydrocarbon residue; ~NR 4 Y where R 4 represents -H or a 
e.ngle bond ;Y represents +CH 2 + p CQ'Q 2 Q 3 where p is 0 or 
1 ■ Qi Q 2 and Q 3 are different and represent -H, a C1-C5 alkyl, 
phenyl, naphthyl. -OH, -CH 2 OH, -COOR". -CNR 26 R 27 . a 
residue of an a-amino acid from which an amino group is 
removed, where to independently represent -H or -Ci-Ca 
hydrocarbon residue; or -CQ*Q 5 Q 6 where Q\ Q 5 and Q e are 
different and G 4 and Q 5 are as defined f or Q 1 , Q 2 and Q 3 and Q 
represent -f CH 2 -f q of which one bond is linked to the bond of 
R 4 where q an integer of 1 to 4. 
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Description 

ORGANIC NONLINEAR OPTICAL SUBSTANCE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a novel nonlinear optical material having an increased second harmonic 
generating ability and usable for an optical switch, an optical memory in an optical data/information processing 
or optical communication system, or an optical bistable element to be used in optical signal operation. Further 
it pertains to a novel nonlinear opticaJ crystalline material containing a salt obtained by the reaction of a 
conjugated aromatic carboxylic acid compound with an optically active amine. 

2. Description of the Related Art 

The nonlinear optical effect refers to, for example, a secondary or higher effect of the magnitude of an 
is applied electric field exhibited by the relationship of an electric polarizing response of a substance which is 
only primarily proportional to the magnitude of the applied electric field, when, for example a strong 
photoelectric field such as a laser beam is applied to the substance. 

A secondary nonlinear optical effect may include a second harmonic generation of converting the 
wavelength of an incident light to a 1/2 wavelength, a parametric oscillation which converts a light with one 
kind of wavelength into a light with two kinds of wavelengths, and a secondary light mixing which on the 
contrary generates a light with one kind of wavelength from a light with two kinds of wavelengths Due to these 
various characteristics, materiais having a nonlinear optical effect will be for use as an optical switch optica! 
memory in optical data/information processing, or such elements as optical bistable element, optical switch 
etc. to be used in optical signal operations. 

Generally speaking, in this field of the art, inorganic materials, primarily LiNb0 3 , have been studied and 
investigated, but inorganic materials had a drawback such that great difficulty is encountered in forming a 
des:red optical element, because of such shortcomings as their performance indices which are not so great 
small response speed, no good form workability, great hygroscopicity, low stability, etc. 

In recent years, in contrast to these inorganic materials, researchers are becoming more interested in 
application of organic materials. This is because the response of organic materials is based primarily on the ti 
electron polarization, whereby the nonlinear effect is great, and also the response speed is great as confirmed 
and reported in the art. For example, a large number of studies are reported in the ACS Symposium Series 
Vol. 233, 1983). The secondary nonlinear optical characteristics to be dealt with in the present invention, which 
is a third rank tensor, cannot be evoked if a symmetric center exists in the molecular or the crystal For this 
reason, in the case of organic materials, even when they may have a structure exhibiting an excellent nonlinear 
effect at molecular level, they must be formed into crystals or solid state for using the second harmonic 
generation as the practical mode. However, at such stage of solidification, an inversion symmetrical structure 
will be frequently formed preferentially, whereby there has been involved the problem that a nonlinear optical 
effect as an optical element can not be exhibited. 
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SUMMARY OF THE INVENTION 

Accordingly, an object of the present invention is to solve the above-mentioned problems of the prior art 
and to provide an organic crystalline compound for various nonlinear opticaJ elements and having an 
increased second harmonic generating ability, a high molecular polarizing ability, and having no inversion 
45 symmetry. 

Another object of the present invention is to provide an organic crystalline compound having excellent 
efements harm0n,C 9Gneratin9 abiliTy rec ? uired for a mater, al for forming vanous optical signal processing 

Other objects and advantages of the present invention will be apparent from the following description. 
50 In accordance w.th the present invention, there is prov.ded an organic nonlinear optical substance having 
the formula (I): 

A-f-CR^CH CH - C - C - B (I) 

CN 0 

wherein R 1 represents -H or -CH3; 

n is 0, 1, or 2; 

A represents Z 1 -Ar. 

60 
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Ar-, R , or ( Z 
z 4 / C C 

X 

wnerein Ar represents a 6 - 14 membe'ed aromatic group including a heterocyclic nng or bisphenyiene type 
ring; Z 1 represents H-, R 5 R 6 N- 1 R 7 0-, R 8 S-, NC-, R*OC0-, R 10 COO-, 0?N-. R^R^NOC-, R 13 CO(R^)N-, or 10 
R15-; z 2 , Z 3 . and Z 4 independently represent H-. a Ci-C« alky!-, R 16 0-, R 17 R 1B N-, R 19 S-, 0 2 N-, o- two R 16 
being, in combination, R 20 CH ; R 2 represents H- oraCi-Ci 2 alkyl; R £ to R 20 independently represent H-, or a 
C1-C10 hydrocarbon residue; Z 5 independently represents H-, a Ci-Ce saturated hydrocarbon residue, OgN-, 
R210-, R 22 S-, NO, or R 23 R 24 N-, wherein R 21 to R 24 independently represent H or a Ci-Ca saturated by 
hydrocarbon residue; X represents -S-, -0-, or Nfl 26 ; r is 0 or an integer of 1 to 3; and R 26 represents H or a 75 
hydrocarbon group having 1 to 8 carbon atoms; 

B represents -OH -Amine* where Amine* represents an optically active amine; -NR 4 Y where R 4 represents -H 
or a single bond; Y represents (CH 2 ) P CQ 1 Q 2 0 3 there p is 0 or 1 ; G\ Q 2 , and Q s are different and represent 
-H, a Ci-Cs alkyl, phenyl, naphthyl, -OH, -CH2OH -COOR 25 , -CNR 26 R 27 , a residue of an a-amino acid from 
which an amino group is removed, where R 25 to R 27 independently represent -H or -Ci-Ce hydrocarbon 20 
residue, or -CQ 4 G 5 G 6 where Q 4 , Q 5 and Q 6 are o»erent and Q 4 and Q 5 are as defined for Q\ Q 2 and Q 3 and 
Q 6 represents -f CH2-)-q of which one bond is Weed to the bond of R 4 where q is an integer of 1 to 4. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Generally speaking, the second harmonic generating ability is greater in a longer conjugated system, in 25 
which poianzation within the molecular is greater and also contribution of the polarization is greater, but with 
elongation of the conjugated length, the absorption maximum is shifted toward the longer wavelength side, 
whereby correspondence to a 1/2 wavelength of the incident light may occur. In this case, optical damage may 
occur which absorbs the second harmonic generated and changes the refractive index, chemical 
denaturation, or combustion by an absorption of heat energy. Accordingly, it is frequently disadvantageous to 30 
simply elongate the conjugated length. For example, a compound increased in molecular polarization due to 
an insertion of a carboxyl group represented by the formula (I) shown below, a group hewing a high electron 
attractability such as a cyano group, and further various subst'rtuents into benzene nucleus may be expected 
to have large nonlinearily as the result of shifting effect of electron arrangement within the ring, but practically 
has a structure with an inversion asymmetry center due to a large molecular polarization, whereby frequently a 35 
generation of the second harmonic can not be observed. Generally speaking, it is a difficult technique to 
control the crystalline structure, particularly to form a crystal form which will collapse the symmetry center. 
Accordingly, while an excellent nonlinear susceptibility may be expected to be possessed at molecular level, 
most examples prove to be no longer effective as the second harmonic generating material. As the result of 
intensive studies, as shown in the present invention, by use of an optically active amine as the basic substance 40 
to introduce its optically active asymmetric structure thereof as the carboxylic acid salt, and consequently a 
structure without an inversion asymmetry center can be prepared to accomplish the present invention. As a 
consequence, the great nonlinear susceptibility at molecular level can be exhibited as such as the crystal 
structure, and this may be considered to contrixrte greatly to applications in this field of the art. 

To enhance the nonlinear optical effect, it is necessary to have a large dipoie within one molecular structure, 45 
and for this purpose, the general formula has cyano group, carboxyl group permitted to exist on the same 
carbon atom. Also, for the molecular polarizations to interfere with each other, it is desirable that a conjugated 
system exists, but an elongation of the conjugated length will result in an elongation of the absorption 
maximum to the longer wavelength side, whereby there is the possibility that the damage may be formed due 
to the incident light wavelength or the second harmonic wavelength. For this reason, the conjugated length 50 
should not be too long. 

From the above-mentioned standpoints, it has been found that a-cyanoacryiic acid derivatives hewing a 
conjugated group are effective as an acid moiety having a conjugated system. Furthermore, the compounds 
having the formula (I) including the optically active amtne salts or amides are effective for providing asymmetry 
center, as mentioned above. 55 

According to a first embodiment of the present invention, the organic nonlinear optical substance has the 
general formula (I) wherein R 1 represents H, Z 1 represents H-, R 5 R 6 N-, R 7 0- t R 8 S-. NO, R 9 OCO-, 0 2 N-. 
R 10 COO-. R^R^NOC-, R 13 CO(R 14 )N-, or R 15 -, Ar represents an aromatic group having 5 to 14 carbon 
atoms, and B represents -OH- Amine* wherein Amine 4 represents an optically active amine selected from the 
group consisting of 1-lphenyl)ethy!amine, 1-(a-naphthy)etrtylamine, 1-phenyl-2-methyiethy1amine, 1 -phenyl- 60 
2-aminopropane, and brucine. 

These amines are strong bases and, therefore, easily react with carboxylic acids to form stable salts in any 
conventional method. 

The optically active amines may be dextrorotatory or levorotatory. Formation of the salt may be earned out 
by conventional neutralization reaction, which may be in either state of a solution or a solid phase. S5 
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For maintaining the purity of the optical activity, it is not preferable to carry out the react.on at inn hinh * 
emperature, but it is des.rable to contrive to inhibit heat generat.cn during sait forn,atio^ 
frequently g,ve a product wh.ch differs in solubility to a great extent from the su^^i ^^Tl 
existence of salt formation can be easily confirmed and its purification can be Z V&to££ 

The opticany active amine salt of the carboxylic acid thus obtained assumes a crystalline state havinn 
excellent mo dability, and can be formed into various elements under the crystalline form a f^ortk so 
solution, wh.ch can be then applied to the nonlinear optical application field S ° hd 
The organic nonhnear optical substances according to the first embodiment of the present invention have 
an extremely .arge second har mon ,c ability The carboxylic acid moiety of this compound ^ 
derived from the caboxylic acids having the structure (II) Inferably 

2 - A - { CK - CH)— CH = C - COOH (II) 
0-2 i J 

Examples of such carboxylic acid may include: 
substituted phenyl 2-cyanopropenoic acid derivatives such as 3-phenyl-2-cyanopropenoic acid 
3-(p-dimethyiammophenyl)-2-cyanopropenoic acid, upeno.c acta, 

3-(p-ammopheny|)-2-cyanopropenoic acid, 
3-{p-diethylaminophenyi)-2-cyanopropenoic acid, 
3-(p-dipropylaminophenyI)-2-cyanopropenoic acid, 
3-(p.dibutylaminophenyl)-2-cyanopropenoic acid, ' 
20 3-(p-monomethylaminophenyi)-2-cyanop^openoic , acid 

3 "frr"?H^^r P ^o yI, " 2 ^ yan0pr0penoic acid < and the m " or o- substituted derivatives- 
3-(p-methyloxyphenyl)-2-cyaTiopropenoic acid, natives , 

3-(p-ethyloxyphenyI)-2-cyanopropenoic acid, 

3-(p-propy!oxypheny!)-2-cyanopropenoic acid, 

25 3-(p-butyioxyphenyl)-2-cyanopropenoic acid, ' 

3-(p-pentyioxyphenyl)-2-cyanopropenoic acid, 

3-(p-n-hexyloxyphenyt)-2-cyanopropenoic acid, 

3-( P -decanoxyphenyl)-2-cyanopropenoic acid, and the r™r o- substituted derivatives- 

3-(p~methylthiophenyl)-2-cyanopropenoic acid, 
3-(p-ethylthiophenyf)-2-cyanopropenotc acid, 
3-(p-propylthiophenyl)-2-cyanopropenoic acid, 
3-(p-butylthiophenyi)-2-cyanopropenoic acid, ' 
3-(p-penry1thiopheny!)-2-cyanopropenoic acid, 
3-(p-n-hexyithiophenyl)-2-cyanopropenoic acid, 

S-^decanethiophenylJ^-cyanopropenoic acid! and the m-or o- substituted derivatives* 

J-(p-cyanophenyl) -2-cyanopropenoic acid, 
3-(m-cyanophenyi)-2-cyanopropenoic acid, 
3-(o-cyanophenyl)-2-cyanopropenoic acid/ 
3-(p-methyloxycarbonylphenyf)-2-cyanopropenoic acid 
3-(p-ethyloxycarbonyIphenyl)-2-cyanopropenoic acid 

3-(p-p^ acj - di and me m _ of o _ derivatives- 

3-(p-acetyloxyphenyl)-2-cyanopropenoic acid, uenvdiives, 
3-(p-propionyloxyphenyl)-2-cyanopropenoic acid 

3-( P -butanoyiphenyl)^yano P ropenoic acid, and the m-or o- substituted derivatives- 

o-(p-nrtropnenyi)-2-cyanopropenoic acid, 
3-(m-nitrophenyl)-2-cyanopropenoic acid, 
3-(o-nitrophenyI)-2-cyanopropenoic acid/ 
3-(p-dimethylamidophenyi) -2-cyanopropenoic acid, 
3-(p-diethylarnidophenyl)-2-cyanopropenolc acid, 
50 3-(p-dipropyiamidophenyl)-2-cyanopropenoic acid 

% P S ar?^ addt thG m - ° r °- substituted derivatives; 

3-(p-acetylammophenyl)-2-cyanopropenoic acid 

% p £ r ^ acid, and the m- or o- substituted derivatives- 

3-(p-methyiphenyl)-2-cyanopropenoic acid, uenvdiives, 
55 3-(p-ethylphenyl)-2-cyanopropenoic acid, 
3-(p-propylphenyl)-2-cyanopropenoic acid, 
3-(p-butylphenyl)-2-cyanopropenoic acid, ' 
3-(p-pentytphenyl)-2-cyanopropenoic acid, 
3-(p-n-hexylpheny!)-2-cyanopropenoic acid 

60 3 "suSZ h r^7 anOPr0 , P ! n0,C aCid ' 3nd ' he m " ° r °- substituted derivat-ves; 
Substituted phenyl 2-cyano-2,4-pentadienoic acid derivatives such as- 

2iSS^S521S^rS «2i 2 -y a -- 5 -<P-^ethy,a m ,r,o phenyll-^-pentad.encc acid, 
noic acid ^SS^^^t^^^f aC ' d ' 2 - c y an °- 5 "(P-<"P~Pylaminopheny1)-2.4-per,tad t e- 
pentad.eno.c acd. S-cyano-S^p-am.nophenyD-a.^pentadienoic acid, and the m- or o- substituted 
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10 



15 



T™MP-methyloxyphenyl)-2.4^ 

2 5^p?r^Xp^yll-2.4-pentadienoic acid, 2<yano-5-(p-butyloxyphenyn-2.4-pentad, e no,c acd 

aofc ^a^XyltSioplir^J-Z A-pentadienoic^id. 2-cyano-5-(p-butylth 1 o P h e ny.)-24-pen.ad 1 eno,c 

acid and m- o- substituted derivatives thereof; 

5-'(p-cvanopheny1)-2,4-pentadienoic acid, and n>, c- substituted derivatives thereof: 
levari ^. 5 T^rthy1 0 xyc a rt,ony1phen y l)-2.4-pentadienoic acid. 2-cyano-5^p^tr^ox y carbonylphe- 

nyS 2 4 pe^Loic aci? 2 .cyano-5-(p-pro P yloxycar b on y l P henyl)-2,4-p e ntadienoc, acid, 2-cyano-5-( P -buty- 

loxvc'arbonylphenyl)-2,4-pentadienoic acid, and m-, o- substituted derivatives thereof; 
i evanc 2 (D acetyloxypnenyl)-2,4-pentadienoic acid, 2-c y ano-5-(p-prop,onyloxypheny1)-2,4- P entaa,eno,c 

2 cvano-5-( P -nrtro P henyl)-2,4-pentadieno 1 c acid, and m-, o- substituted derivatives thereof, 
£ y ™l<P^ acid, 2^y a no- 5 -(p-die<hyfcmidophenv,)-2.4-penta- 

?cyano2(p-dipro P ylamidopheny,)-2,4-pentadienoi C acid, 2 HC^o-5-(p^ibu^rr^heny|)-2/-^nt^e- 
noic acid ^-cyLo-S-lp-rnonomethylamidophenylJ-^-pentadienoic add, 2-cyano-5-< P -am,dopbe- 
nvl>-2 4-pentadienoic acid, and m-, o- substituted derivatives thereof; 

y lc y ano-i5-p^ aad ' 2^ano-(5-p- P rop 1 on y lam.nophen y l)-2,4-penta- 20 

riipnnic acid and m-. o- substituted derivatives thereof; 

2 cvano 5-J m ethyl P henyl)-2,4- P entadienoic acid. 2- C yano-5-( P ^thy lp henyl)-2,4-pentad,eno,c acid. 
2-cyaroX( P -pro P yi P henyl) -2'4-pentadienoic acid, S-cyano-^p-butylphenyO-^-pentadienoiC acd and m, 
o- substituted derivatives thereof; 

Substituted phenyl 2-cyano-2,4,6-heptatrienoic acid derivatives such as: ^ 

2-cyano^^ P diethylamino P henyl)-2,4,6-heptatrienoic acid, 2-cyano-7-(p-d,pro P ylam.nophenyl)-2,4,6-he P ta- 

^ato-'-iJ'-dibutylarninophenyt)^^, 6-heptatriencic acid, 2-c y ano-7-(p-aminophervl)-2A6- heptetrten^c 

2-cyano-7-(p monornethylaminophenyl)-2,4,6-heptatrienoic acid, and m-, o- substrtuted denvatrves 30 

th rio-7-(D-methyloxyphenyl)-2,4,6-heptatrienoic acid, 2-cyano-7-(p-ethvloxvpheny1)-2.4,6-heptatrienoic 
X -7-T; ^XXVeny^-aAG-heptatrienoic acid, 2 .cy a no-7-( P -buty!oxyphenyl)-2,4,6-h eP tatne- 

2? y ano-7-(p- P ropylthiophenyl)-2,4,6-h eP tatrienoic acd, 2 -cyano-7-(p-b U tylthio P h e ny.)-2,4.6-he P tatrienoic 

and m-, o- substituted derivatives thereof; 

nj) ^Ae-hepLriendc acid. 2^o-7-(p-butyloxyc a rbony.ph e nyl)-2,4.6-heptatr 1 eno,c ac.d. and m- or o- 
^^(^ s^yano-Xp-propionyloxyphenyD^^^eptatrie- 

2-cyan C o'-7-( P -butanoyioxy P hen y l)-2,4,6-heptatri e noic acid, and the m- or o- substituted derivatives; 
2-cyano-7-(p-nitrophenyl)-2,4.6-heptatrienoic acid, and the m- or o- ^smuted den^s 
2-cyano-7- P ^irnethy la niidopheny 1 )-2.4.6-heptatrienoicacid. ^y 3 " 0 - 7 :^^' 61 ^^"^^ 6 ^ 

tatrie^oic acid^-c y ano-7-(p-dipropylamidopher. y t)-2.4,6-heptatrieno IC acid, 2-cyano-7-( f Mi.butyl a m.dophe 

nyl)-2,4,6-heptatrienoic acid, 2-cyano-7-(p- am idopheny()-2,4,6-heptatneno.c acid, 

2 C vano-7-( P -rnonomethylarnidophenyl)-2.4,6-h e ptatrienoic acid, and the m- or o- substituted derivatives , 
Sno-7 (prthylpheny1)/4,6-heptatrienoic acid. 2-cy a no-7-(p-ethylphen y l)-2,4.64,ept a tneno,c ado. 

2 iyS7^p-propy1p?enyl)-Z4,6-he P t a trienoic acid, 2-cyano-7-( P -but y iphen y i)-2,4,6-heptatneno,c acid, and 

the m- or o- substituted derivatives. e(lHdar . rp ha< - 55 

According to a second embodiment of the present invention, the .org. 
the general formula (I) wherein rV represents H, V represents H-, R 5 R 6 N-, R 7 0-, R«S-. NC-. OjN- R OCO 
R10COO- R11R«N0C-. R'3CO(R'«)N-, or R«-, Ar represents an aromatic group having 6 to ^ ^rP°" 
atoms, and B represents -OH-Amine' wherein Amine' represents an optically active amine select *d from 
group consisting of 2-amino-1-butanol, 1-aminc- 2 -pro P anol. 2-am.no-l-propanol, 2 ^^ 1 -<^ n " r ° p n h v e . 
S u propanediol, 2-dim e thylamino-1-phenyl-1-b en2 yl-1-propanol, and HN.N-dimethytaminO-l-phenyl- 

Pr A7oMhe e above-mentioned amines have strong basicity and can form readily stable sate with «t»o^* 
acids. Formation of the salt may be carried out by conventional neutralization reaction. wh,ch may 
state of a solution of a solid phase. For maintaining the punty of the optical activrty. it ,s not pre ferable t carry 
out the reaction at too high a temperature, but rt is desirable to contrive to inhibrt heat generation dunng salt 
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formation. Salt formation will frequently give a product which differs in solubility to a great exten: from the 
starting material, and therefore existence of salt formation can be easily confirmed and Its purification can be 
also easily done. 

The optically active amine salt of the carboxylic acid thus obtained assumes a crystalline state, having 
5 excellent moldability, and can be formed into various elements under the crystalline form as such or as a solid 
solution, which can be then applied to the nonlinear optical application field. The carboxylic acid amine salts of 
this embodiment obtained from the above-mentioned amines especially exhibit excellent damage resistance 
against laser light. 

The carboxylic acid moiety can be derived from the carboxylic acids having the above-mentioned qeneral 
w formula (II). 

According to a third embodiment of the present invention, the organic nonlinear optical substance has the 
genera! formula (!) wherein R 1 represents H, A represents 



75 



20 



30 



Z 3 -> Ar 
,4/ 



wherein one of Z 2 , Z 3 , and Z 4 represents H and the remainder independently represents C1-C10 alkyi, R16<> 
R 17 R 1e N-, Ri*s, or 0 2 N, Ar represents an aromatic group having 6 to 14 carbon atoms and B represents a 
residue of an optically active amine selected from the group consisting of 2-amino-1-butanoI 1-amino-2-pro- 
panol, 2-amino-1-propanol, 2-amino-1-(p-nitropheny1)-1,3-propanedioI 1 2-dimethylamino-1-phenyM-benzyl- 
t-propanol, and 1-(N t N-dimethylamino-1 -phenyl-propylamine. 
25 The caboxylic acid amine salts of this embodiment also exhibit excellent damage resistance aqainst laser 
light. 

The carboxylic acid usable in the present invention, of which molecular polarization occurs as 
a-cyanocarboxylic acid and in which electrons are localized on the carboxylic acid side, has two substituents 
which will make such influences effective existing on the aromatic group, and this contributes greatly to 
exhibition of the nonlinear optical effect. Particularly, the functional groups should be desirably selected 
mutually so as to give the synergetic effect. From such standpoint, It is desirable to use a carboxylic acid in 
wh.ch a plurality of ether groups, thioether groups, amino groups having the function as the electron donating 
group are mutually substituted on the aromatic group. Also, depending on the substituted position electron 
attracting groups will exhibit a donating function. The above-mentioned carboxylic acids can be represented 
35 by the following structure (111). 

'l\ 

40 Z --Ar-f-CH = CH-}-CH = C - COOH (III) 
Z X 0-2 CN 
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Examples of such carboxylic acid include 
3-(3,4-dimethoxyphenyl)-2-cyanopropenoic acid, 3-(3,4-diethoxyphenyl)-2-cyanopropenoic acid, 3-(3 4-dipro- 
pyloxyphenylH-cyanopropenoic acid, 3-(2 F 4-dimethoxyphenyl)-2-cyanopropenoic acid, 3-(2,4-diethoxyphe- 
nyl)-2-cyanopropenoic acid, 3-(2,4KJipropyloxyphenyl)-2-cyanopropenoic acid, 3-(3,4-dimethylthiophe- 
nylj-2-cyanopropenoic acid, 3-(3,4<iiethy1thiophenyl)2-cyanopropenoic acid, 3-(3,4-dipropylthiopheny1)-2-cy- 
anopropenoic ac.d, 3-(2,4-dimethylthiophenyl)-2-cyanopropenoic acid, 3-(2,4-diethoxyphenyl)-2-cyanoprope- 
no.c acid, 3-{2,4-dipropy1thiophenyl)-2-cyanopropenoic acid, 3-(3,4-dimethylaminophenyi)-2-cyanopropenoic 
aC '^ 3 " ( f' 4 ; d ' eth y |am,no P nen y , )- 2 - c y ano - 1 -propenoic acid, 3-(3,4-dipropylaminophenyl)-2-cyanopropenoic 
o°,o „ ^ (2 - 4 - d,meth y i P hen y ! )- 2 - c y an opropenoic acid, 3-(2,4-diethylaminophenyt)2-cyanopropenoic acid, 
3-(2.4-dipropylaminophenyl)-2-cyanopropenoic acid, 3-(3,4-dinitrophenyl)-2-cyanopropenoic acid 3-(2 4-dini- 
trophenyl)-2-cyanopropenoic acid, 5-(3,4-d.methoxyphenyl)-2-cyano-2 1 4-pentadienoic acid, 5-(3',4-diethoxy- 
pheny!)-2-cyano-2,4-pentadienoic acid, S-t^-dipropyloxyphenyiJ^-cyano-^-pentadienoic acid 5-(2 4-(di- 
methylth.ophenyI)-2-cyano-2,4-pentadienoic acid, 5-(2,4-d.ethylthiophenyl)2-cyano-2 ( 4-pentadienoic ' acid, 
o-^-dipropyUhiophenyO-S-cyano^-pentadienoic acid, 5-(3,4-dimethylthiophenyl)-2-cyano-2,4-pentadle- 
no.c ac.d, 5-(3,4-d.ethylthiophenyl)-2-cyano-2,4-pentadienoic acid, S-tf^-dipropylthiophenyl^-cyano- 
2,4-pentad.eno.c acid, 5-(2,4-dirnethylthiophenyl)-2-cyano-2,4-pentadienoic acid, 5-{2 4-diethylthiophe- 
nyl|-2-cyano-2,4-pentadienoic acid, 5-(2,4-d iP ropylthiophenyI)-2-cyano-2,4-pentadienoic acid, 5-(3,4-dinitro- 
phenyl)-2-cyano-2,4-pentad.enoic acid, 5-(2,4-dinitrophenyl)-2-cyano-2,4-pentadienoic acid 7-(3 4-dimeth- 
oxyphenyl)-2^yano-2,4,6-hexatrienoic acid, 7-(3,4-diethoxypheny1)-2-cyano-2,4,6- hexatrienoic acid, 
/-O^-dipropyioxyphenylJ^-cyano^^.S-hexatrienoic acid, 7-(2,4-dimethy1thiophenyf)-2-cyano-2 4 6-hexairie- 
noic acid, 7-(2,4-diethytth.ophenyl)-2-cyano-2,4 ( 6-hexatrienoic acid, 7-(2,4-dipropytthiopheny1)-2-cyano- 
2,4.6-hexatr.enoic ac.d, 7-(3,4-dimethylthiopheny1)-2^yarK>-2,4 t 6-hexatrienoic acid, 7-(3 4-diethylthiophe- 
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nvH-2-cvano-2 4 6-hexatrienoic add, 6-(3,4-d 1 propyl1hiopheny1)-2-cyar 1 o-2.4,6-hexatneno.c acid. 6j3 ^ini- 
7ooLZl 2-cyano-2 4,6-hexatnenoic add. 7-(2,4K«tropher V l)-2-c y an^2.4,6-he»trieno.c acid and the hke. 
Tne mutual position of the double bonds of these conjugated crboxyfic acids should be ' 
to obtain a stable structure and also for exhibiting the nonlinear optical effect but is not limited thereto. 

The organic substance of the present invent™ is obtained as a solid with a crystalline structure no, having 5 
an inversion symmetrical center according to the constitution as described above, anc an excellent nonlinear 
molecular level is exhibited as such also in the crystalline structure thus exhibiting an 
exceHem nonlinear optical effect such as a generation of the second harmonic at a h,gh level, and therefore, 
this substance can be utilized for forming an optical signal processing element. 

According to a fourtn embodiment of the present invention, the organic nonlinear optical substance has the 10 
genera' formula (!) wherein R 1 represents H. A represents 



— Ax 

/ 

.4/ 



where one of Z 2 Z 3 and Z< represents H or substituted d-C 6 alky!, the remainder of Z 2 , 7? and Z* represents 
together methylene dioxy group wherein the dioxy groups are bonded to the adjacent portions of Ar, Ar 



15 



20 



25 



wherein one of Z 2 Z 3 and Z* represents H- and the remainder independently represents C-C10 alkyl, R 0-, 
R i7Ri8 N . R i9 S or o 2 N-, Ar represents an aromatic group having 6 to 14 carbon atoms, and B represents a 
residue of an optically active amine selected from the group ethyl consisting of HphenyDethylamine, 
1-(a-naphthy1)ethylamine, l-phenyl-2-methylethytarrine, 1-phenyl-2-aminopropane, and brucine 

The optically active amine salt of the carboxylic acid thus obtained assumes a crystalline state, having 
excellent moldability, and can be formed into various elements under the crystalline form as such or as a solid 
eolution which can be then applied to the nonlinear optical application field. The organic nonlinear optica! 
substances according to the first embodiment of the present invention have an extremely large secon. 

h %he°carb a oS acid moiety of this compound can be preferably derived from the carboxylic acids having the 

St AccoTding'to a fifth embodiment of the present invention, the organic nonlinear °P»^ S ^ 30 
general formula (I) wherein fV represents H, A represents ZW-. V represents R*R«N-. R 7 CK R s S, NC- ; 
0 2 N-, R 9 OCO-, R 10 COO, R 11 R 12 NOC-, R 13 CO(R 14 )N-, or R 15 -, Ar represents an aromatic ring having 6 to 14 
carbon atoms, and B represents -NR 4 Y. . 

Tne moiety -NR 4 Y includes, for example, a-chiral substituted primary alkyiammes (i.e., p = o) having 4 to 20 
carbon atoms such as Hmethyljpropylamine, 1-(ethyl) P ropylarnine, 1 -(methyl) butylarnine, HmetMpenty- 
lam.ne, HphenyJIethylamine, 1-(a-naphthyl)ethylamine, and 1 -(hydroxymethyl) propylamine ; ^hiral sub- 
stituted primary alkyiamines (i.e., p = D having 4 to 20 carbon atoms such as 2-^ethyl)butyiam,ne 
^(methy!)pentytamine, 2-phenylpropylarnine, 2-(a-naphthyl) P ropylamine, and 2- (hydroxybuty) amine proh- 
nole amino acid derivatrves having 3 to 20 carbon atoms such as alkyl esters (e.g., methyl esters and ethyl 
esters) of a-amino acids, a-amino acid amides, a-amino acid anilides, or peptides derived from the same or 
different a-amino acids. It should be noted, however, that the presence of a carboxyl group as an actd is not 
preferable from the reaction standpoints. Examples of the typical optically active (either dextrorotatory or 
tevorotatory) amino acids, usable in the present invention are alanine, leucine, isoleucine, eth.onine, ^teine, 
senne tyrosine, tryptophan, threonine, norvaiine, norieucine, valine, histidine, phenylalanine, a-phenylglycine, 
methionine and proline; monoamino dicarboxylic acids and carboamides such as aspartic acid, glutamic acid, 
asparagine, and glutamine; and diamlnomonocarboxyiic acids such as arginine, lysine, ornithine, canavanme, 

^?clTo^c acid moiety of this compound can be preferably derived from the carboxylic acids hewing the 

St According "to further embodiments of the present invention, the organic nonlinear optical substances have 50 

the following general formula (I): Mr R9nm R io C oO- 

(i) Ri represents H-. A represents Z^-Ar-, Z' represents R S R 6 N-, R'O-. R 8 S-, NC, R*OCO-, R COO 

Ri 1 R l2 NOC R 13 CO(R 14 )N- or R 15 , Ar represents an aromatic group having 6 to 14 carbon atoms, ana tJ 

represents -OH- Amine - wherein Amine* represents an optically active a-amino acid or the derivative thereof, 

which can include those as mentioned above. 
<ii) R 1 represents H, A represents 
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represents an aromatic group having 6 to 14 carbon atoms, and B represents -OH -Amine* wherein Amine 1 
represents an optically active amine selected from the group consisting of 1-(pheny!)-ethylamine r 
V(a-naphthyl)ethylamine, 1-phenyl-2-(methyl)ethy[amine, 1-phenyl-2-arninopropane, brucine, 1-butanol, 
1-amino-2-propanoI, 2-amino-1-propanoL 2-amino-1-(p-nitrophenyl)-1,3-propanediol, 2-dimethylamtno-1-phe- 
nyl-1-benzyM-propanol, 1-(N,N-dimethylamino)-1-phenyl-propylamine, and a residue of an optically active 
a-amino acid and the derivative thereof; or the above-mentioned NR 4 Y. 

Tne carboxylic acids forming the organic nonlinear optical substances of this embodiment can be 
represented by the formula (IV): 



10 2 
Z 



O-Ar-f-CH = CH -} CH = C - COOH (IV) 

CH 2 -0 u z CN 



Examples of such carboxylic acids are 3-(3,4-dioxymethylenephenyl)-2--cyanopropenoic acid, 2-cyano- 
5-(3,4-dioxymethyienphenyi)-2,4-pentadienoic acid, 2-cyano-7-(3,4-dioxymethylenphenyl)-2 1 4 1 6-heptatrienoic 
acid, 3-(3,4-dioxymethylene-€-propyiphenyl}-2-cyanopropenoic acid, 2^yano-5-(3,4-dioxymethylene-6-pro- 
20 pyiphenyl)-2,4-pentadienoic acid, 2-cyano-7-(3,4-dioxymethyle-6-propytphenyI)-2 1 4 1 6-heptatrienoic acid, and 
piperonoyl derivatives. 

(iii) R 1 represents H or CH3 , A represents R 2 where R 2 represents H or an aikyl group having 1 to 12 carbon 
atoms, and B represents -OH- Amine* wherein Amine* represents an optically active amine selected from the 
group consisting of 2-amino-1-butanol f 1-arnino-2-propanol t 2-amino-Vpropanol, 2-amino-1-(p-nitrophe- 
25 nyij-1,3-propanedio!, 2-dimethylamino-l-phenyl-l-benzyl-l-propanol, and 1-(N'N-dimethyiamino)-1-phenyl 
propylamine. 

The carboxylic acids forming the organic nonlinear optical substances of this embodiment can be 
represented by the formula (V): 

30 

H^-CH. -) (~ CR' = CH -) — CH = C - COOH (V) 

0-12 0-2 < N 

35 Examples of such carboxylic acid may include 3-alkyi substituted 2-cyano propionic acid derivatives such as 

3-(methyl)-2-cyanopropenoic acid, 3- (n-propyl) -2-cyano p rope noic acid, 3-(n-butyl)-2-cyanopropenoic acid, 

3-(n-penty!)-2-cyanopropenoic acid, 3-(n-hexy!)-2-cyanopropenoic acid; 

5-Alkyf substituted 2,4-pentadienoic acid derivatives such as 2-cyano-5-(methyl)-2,4-pentadienoic acid, 

2-cyanc-5-(n-propyl)-2,4-pentadienoic acid, 2-cyano-5-(n-butyt)-2,4-pentadienoic acid, 2-cyano-5-(n-pen- 
40 tyl)-2,4-pentadienoic acid, 2-cyano-5-{n-hexyl)-2,4-pentadienoic acid, 2-cyano-5-(n-heptyl)-2,4-pentadienoic 

acid; 

5-Alkyi substituted 2,4-pentadienoic acid derivatives such as 2-cyario-5-( methyl) -2,4-hexadienoic acid, 
2~cyano-5-(n-propyi)-2.4-hexadienoic acid, 2-cyano-5-{n-butyl)-2,4-hexadienoic acid, 2-cyano-5-(n-pen- 
tylj -2,4-hexadienoic acid, 2-cyano-5-(n-hexyl)-2,4-hexadienoic acid, 2-cyano-5-(n-hepty()-2,4-hexadienoic 
45 acid; 

7-AlkyI substituted 2,4,6-heptatrienoic acid derivatives such as 2-cyano-7-(methy1)-2,4,6-heptatrienoic acid, 
2-cyano-7-(n-propy1)-2,4,6-heptatrienoic acid, 2-cyano-7-(n-buty1)-2,4,6-heptatrienoic acid, 2-cyano-7-(n-pen- 
ty1)-2,4,6-heptatnenoic acid, 2-cyano-7-(n-hexyl)-2,4,6-heptatrienoic acid, 2-cyano-7-(n-heptyl)-2,4,6-hepta- 
trienoic acid, 

50 5-Methyl 7-alkyl substituted 2,4,6-heptatrienoic acid derivatives such as 2-cyanc-5-methy1- 
7-(methyl)-2,4,6-heptatrienoic acid, 2-cyano-5-methyl-7-(n-propy!)-2,4,6-heptatrienoic acid, 2-cyano-5-methyf- 
7-(n-butyl)-2,4,6-heptatrienoic acid, 2-cyano-5-methyl-7-(n-penty!)-2,4,6-heptatnenoic acid, 2-cyano- 
5-methy!-7-(n-hexyl)-2,4,6-heptatrienoic acid, 2-cyano-S-methyl-7-(n-heptyl)-2,4,6-heptatnenoic acid : 

7-Alkyl substituted 2,4,6-octatrienoic acid derivatives such as 2-cyano-7-(methyl)-2,4,6-octatrienoic acid, 
55 2-cyano-7-(n-propyl)-2 ( 4,6-octatrienoic acid, 2-cyano-7-(n-butyl)-2,4,6-octatrienoic acid, 2-cyanc~7-(n-pen- 
tyl)-2,4,6-octatrienoic acid, 2-cyano-7-(n-hexy!)-2,4,6-octatrienoic acid, 2-cyano-7-(n-heptyl)-2,4,6-octatrie- 
noic acid. 

(ivj R 1 represents H, A represents 
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and B represents -OH -Amine* wherein Amine* represents an optically active amine selected from the g^oup 
ro^sn7of1 Phenyl^ 

nop opane brucine 2-a rJno-1-butanol. 1-amino-2-propanoi, 2-amino-l-propanol 2-am.no- .-(p-n.trophe- 
nXrS propanediOl.^-dimethylamino-VphenyM-benzyl-l-propano!. and 1-<N,N-dimetnylam,no)-1 -pheny.- ^ 

^T^'Tar^oxyhcTcils forming the organic nonlinear optical suDstances ot this embodiment can be 

represented by the formula (VI): 

, 7 5 , P TU_CH = CH-^ CK = C-COOK (VI) w 

0-3 °~ 2 CN 
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Examples of sucn carboxylic acid may include, for example, 3-(5-membered ring derivatives with hetero 
amm^ substituted 2-cyanopropenolc acids such as 

3-(3-thienyl)-2-cyanopropenoic acd, 3-(2-th,enyl)-2-cyanopropenoic acid, 3-(2-pyrrolyl)-2-cyanopro P eno,c 
acid 3-(3-pyrrolyl)-2-cyanopropenoic acid, 3-(2-furyl)-2-cyanopropenoic acid 3- S-fury^^-cyanopropenoiC 
a-id' 3-(2-indolyl)-2-cyanopropenoic acid, 3-(3-indolyl)-2-cyanopropenoic acid. 3-(N-methyl 2-pyrrolyl)-2-cya- 
nopropenoic acd, 3-<N-methyl 3-pyrrolyl)-2cyanopropenoic acid, 3-(N-ethyl 2-pyrrolyl)-2^anopropeno l c 
a-id 3-(N-ethyl 3-pyrroly)-2-cyanopropenoic acid, 3-(N-n-butyl 2-pyixolyl)-2-cyanopropenoic acid, 3-(N-n- 
butvl 3-pyrrolyl)-2-cyanopropenoic acid, 3-(5-nitro 2-furyt)-2-cyanopropenoic acid, 3-(5-nitro 3-furyl)-2^yano- 
propenoic acid, 3-(5-nitro 3-th.enyl)-2-cyanopropenoic acd, 3-(5-nltro 2-thienyl)-2-cyanopropeno,c acd, 
3-(5-chloro 3-indolyl)-2-cyanopropenoic acid; 

5-(5-membered rino derivatives with hetero atoms) substituted 2-cyano-2,4-pentadienoic acids such as 
o ~4no-5-'-Mhi<-nyii-2 4-pentadienoic acid. 2<;yano-5-(2-thienyl)-2,4-pentadienoic acid, 2-cyano-5-(2-pyrro- 
M)-2 4-pentadienoic acid, 2-cyano-5-(3-pyrrolyl)-2,4-pent a dienoic acid. 2-cyano*(2-fury1)-2,4^ntad.eno.c 
ac d '2-cyano-5-(3-furyl)-2,4-pentadienoic acid, 2-cyano-5-(2-indolyl)-2,4-pentadienoic acid, 2-cyano-5-(3-in- 
dolyi)-2,4-pentadienoic acid, 2-cyano-5-(N-menthyl 2-pyrrol y l)-2,4-pentadienoic acid 2-cyano-5-(N-me hy 
3-py rolyl)-2,4-pentadi e noic acid, 2-cyano-5-(N -ethyl 2-pyrrolyl)-2,4-pentad.eno.c acid 2-cyano-5- N-ethy 
3-pyrrolyl)-2,4-pentadienoic acid, 2-cyano-5-(N-n-butyl 2-pyrroly()-2,4-pentadienoic acid 2-cyano-5-(N-n-butyl 
3-pyrrolyl)-2,4- P entadi en oic acid, 2-cyano-5-(5-nitro 2-furyl)-2.4-pentadienoic acd. 2-cyano-5-(5-n,tro 
3-furyl)-2 4-pentadienoic acid, 2-cyano-5-(5-nitro 2-thieny1)-2,4-pentadienoic acid, 2-cyano-5-(5-n.tro 3-th.e- 
nvl)-2 4-pentadienoic acid, 2-cyano-5-(5-chloro 2-indolyl)-2,4-pentadienoic acid, 

5-(5-membered ring derivatives with hetero atoms) substituted 2-cyano-a4,6-heptatneno,c acids such as 
2-cyano-7-(3-thienyl)-2,4,6-heptatrienoic acid, 2-cyano-7-(2-thienyl)-2,4,6-heptatrienoic acd, 2-cyano- 35 
7-(2-pyrrolyl)-2,4,6-heptatrienoic acid, 2-cyano-7-(3-pyrroly1)-2.4,6-r,eptatrienoic acd, 2-cyano- 
7- 2-fuiyl)-2,4,64 1 eptatrienoic acid, 2-cyano-7-(3-furyl)-2,4,6-heptatrienoic acid z ^^ 7 -^^ 
lyl -2 4,6-heptatrienoic acid, 2<yano-7-(3-turyl)-2,4,6-heptatriaenoic acid, 2^yano-7-(2-.ndoiyl)-2,4 6-hepta- 
trienoic acid, 2-cyano-7-(3-!ndo^l)-2,4,6-heptatrienoic acid, 2-cyano-7-(N-methyl 2- P yrrolyl)-2 A6*+«eptatr-e- 
noic acid, 2-cyano-7-(N-methyl 3-pyrrolyl)-2.4,6-heptatrienoi C acid. 2-cyano-7-(N-ethyl 40 
trienoic acid, 2-cyano-7-(N-ethyl 3^yrrolyl)-2,4,6-heptatrienoic acid, 2^yano-7-(N-n-butyl 2-pyrro- 
lyl)-2 4 6-heptatrienoic acid, 2-cyano-7-(N-n-butyl 3-pyrrolyl)-2.4,6-he P tatrienoic acid, 2-_cyano-7-(5-nitro 
2-furyl)'-2,4,6-heptatrienoic acid. 2-cyano-7-(5-nitro 3-furyl)-2.4.6-heptatrienoic acid. 2-cyano- 7 -< 5 ^ ,tro o 2 : th '*- 
nyl)-2,4,6-hexatrienoic acid, 2-cyano-7-(5-nitro 3-thienyl)-2,4.6-heptatrienoic acid, 2-cyano-7-(5-chloro 2-indo- ^ 
lyl)-2,4,6-heptatrienoic acid. 

E? The P p L re sent invention will now be further illustrated by, but is by no means limited to. the following 
Examples. ^ 

Synthetic Example 1 

Synthesis of 2-cvano-5-(4-di methylaminophenyl)-2.4-pentadienoic acid (1) 

To 100 ml of an aqueous solu tion of 2.55 g of sodium hydroxide 5.97 g of methyl cyanoacetate was added, 
and further 9.55 g of p-dimethylaminocmnamoyl aldehyde was added under stirring, followed by heating to 
85°C with continuous stirring lor 40 hours. After completion of the reaction, 50 ml of 12 N hydrochloric acid 
was added and a solid was recovered. The solid was subjected to recrystallization from methanol, repeated 
twice to give 6.38 g of the desired product, m.p. 218 - 219 C C. The elemental analysis of C 68.400/o, H 5.88%. N 
11 30% coincided well with the calculated values of C 69.360/o, H 5 840/o, N 11.56%. IR absorption spectrum: 
presence of CN group at 2216 cm" 1 , COOH group at 1673 cm" 1 , benzene ring and conjugate double bond at 
1615 1586 and 1551 cm' 1 being recognized. In NMR spectrum, absorption by methyl group was recognized at 
3 08 ppm and AB type absorption based on benzene ring at 6.80 and 7.60 ppm. Xmax was found to be 440 nm. 
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Synthesis Example 2 

Synthesis of 2-cyano-3-(4-dimethylaminophenyl)-2-propenoic acid (2) 

In 400 ml of an aqueous solution of 13.77 g of sodium hydroxide, 34.80 g of methyl cyanoacetate was 
5 dissolved and 34.01 g of p-dirnethylamino benzaldehyde was then added under a nitrogen atmosphere" 
followed by adding 200 ml of ethanol to obtain a uniform solution. Under reflux, the stirring was continued for 
51 hours and the reaction mixture was added to 12 N hydrochloric acid to obtain the precipitates. The resultant 
solid was repeated twice to recrystallize from a methanol/ethanol mixture to obtain 13.51 g of the needles. 
NMR spectrum: methyl group at 3.08 ppm, doublet benzene ring at 6.84 - 6.82 ppm and 7.93 -7.95 ppm, and 
W -CH- group at 8.25 ppm 
Yield: 370/ 0 
m.p.: 226 - 228 c C 
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Elemental analysis: C 66.82%, H 5.56%, N 1276<Vo (Calc. C 66.1 40/0, H 5.60%, N 12.96<Vo) 
/.max in ethanof: 399 nm 

Synthesis Example 3 



Synthesis of 2-cyano-5-(4-methoxypheny1)-2 ) 4-pentadienoic acid (3) 
The desired compound was prepared in the same manner as in Synthesis Example 1 by using 16.2 g of 
20 p-methoxycinnamic aldehyde having a melting point of 45.5° C, which was obtained from p-methoxystyrene 
and phosphorus trichloride according to a method disclosed in J. Amer. Chem. Soc, 78, 3209 (1956), 4.8 g of 
sodium hydroxide and 1 1 .3 g of methyl cyanoacetate. The product was recrystallized from ethanol to obtain the 
needles having a melting point of 240° C at a yield of 69%. 

Elemental analysis: C 68.11%, H 4.81%, N 6.10<>/o (Calc. C 68.10%, H 4.850/ c , N 6.110/ 0 ) 
25 NMR spectrum: methyl group at 3.83 ppm, doublet benzene ring around 7.02 - 7.64 ppm and -CH - qroup at 
7.09, 7.59 and 8.06 ppm. 
/.max in ethanol: 372 nm 



Synthesis Example 4 



Sy nthesis of 2-cyano-3-(3,4-methylenedioxyphenyl)-2-propenoic acid (4) 

To an aqueous sofutton containing 14.20 g of sodium hydroxide and 33.75 g of methyl cyanoacetate, 30.32 g 
of 3,4-(methylenedioxy)benzaldehyde was added, followed by stirring at 95° C for 16 hours. After completion of 
the reaction, an aqueous diluted hydrochloric acid solution was added to obtain a pale yellow solid. The 
35 resultant solid was recrystallized from ethanol to obtain a crystal having a melting point of 233° C. 
Elemental analysis: C 61.010/ 0 , H 3.210/o, N 6.37o/o (Calc. C 60.830/o, H 3.26%, N 6.45%) 
Infrared spectrum: Absorption by -ON at a wavelength of 2224 cm" 1 , -COO- at 1677 cnr* conjugated system 
at 1575 cm-i and 1293 cm-1 

NMR spectrum: -CH 2 - at 6.19 ppm(s), -CH- at 822 ppm(s), and -H based upon a benzene ring at 7.12 7.63 
40 and 7.68 ppm. 

Synthesis Example 5 

Synthesis of 2-cyano-3-(3,4-dimethoxyphenyi)-2-propenoic acid ( 5) 

45 To 150 ml of an aqueous solution of 9.19 g of sodium hydroxide, 20.50 g of methyl cyanoacetate was added 
and, under stirring, 25.38 g of 3,4-dimethoxybenzaldehyde was further added, followed by heating at 65° C for 
40 hours under stirring. After completion of the reaction, the reaction mixture was added to 50 ml of 12 N 
hydrochloric acid to recover the resultant solid. The solid was repeated twice to recrystallize from ethanol to 
obtain 19.84 g of the desired compound. 

50 M.p.: 206.13°C 

Elemental analysis: C 61.940/ 0 , H 4.78o/c, N 6.040/c (Calc. C 61.79% t H 4.763/0, N 6.01%) 

IR spectrum: Absorption by CN group at 2221 cwr\ COOH group at 1716 cm" 1 ' benzene ring at 1596, 1573, 

and 1512 cm" 1 and presence of conjugated double bond. 

NMR spectrum: Absorption by methyl group at 3.97-4.01 ppm, ABX type absorption based upon benzene 
55 ring at 7.00, 7.55, and 7.88 ppm 
/.max in ethanol: 353 nm 

S ynthesis Example 6 



Synthesis of 2-cyano-3-(2,4-dinitrophenyl)-2-propenoic acid (6) 

The desired compound (6) was obtained in the same manner as in Synthesis Example 5. except that 
2,4-dimtrobenzaldehyde was used instead of 3,4-dimethoxybenzaidehvde 
M.p.: 210°C 

Elemental analysis: C 46.00%, H 1.980/ 0) N 16.03% (Calc. C 46.53<Vo t H 1.92%, N 15.970/o 
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Synthesis Example 7 

Synthesis of ^-cvano-S-OZ-dime thoxyphenyPf-a^-p entadienoic aad (7) 

^^f^^ Synthesis Example 1 except that 

2M^toJ^» -toinyl 1 -Propeno.c ac.d obtained from the reaction o< 3,4- dl methoxy benzaldehyde 
and phosphorus trichloride. 

EtemeSlanalysis: C 64.700/c. H 5.15%, N 5.620/o (Calc. C 64.65o/o t H 5.06%, N 5.40o/o) 

gi r£^i ^ shown in Tabie 1 were s V ntheslzed from thG corres P° ndin S aldehydes and methyl 

cyanoacetate in the manner described above. 

Tabie 1 

Synthesis of Aromatic Derivative 



*1: determined in methanol 
Synthesis Example 15 



10 



15 



Com- Structure m.p. (°C) '/.max* 

pound 20 
No. 

Elemental analysis (C, H, N)(F: 

Found/C: Calcd) 



25 



30 



35 



8 P-NO2-C6H4- 208 302nm 
CH-C(CN)- 
COOH 

F 54.91 2.93 12.80 / C 
55.05 275 12.84 

9 D-CH3- 229 320nm 
O-CsKU- 
CH = C(CN)- 
COOH 

F 65.10 4.64 6.71 / C 65.02 4.96 6.89 

10 H-CsFU- 210 295nm 
CH-C(CN)- 
COOH 

F 69.58 4.36 8.03 / C 69.35 4.08 8.09 

11 C e H 5 - 212 320nm 

CH = CH- 40 

CH = C(CN)- 

COOH 

F 72.50 4.60 7.01 / C 72.34 4.56 7.04 

12 CeHs- 238 360nm 
CH-CH- 
CH = CH- 

CH = C(CN)- 
COOH 

F 74.75 4.88 6.35 / C 74.64 4.93 6.22 

13 m-Ob- 166 296nm 50 
O-C6H4- 

CH = C(CN)- 
COOH 

F 70.69 6.67 12.37 / C 
71.18 6.88 12.46 

14 P-C10H21O- 82 
C 6 H 4 - 

CH-C(CN)- 

COOH 60 
F 73.55 8.55 4.15 / C 73.43 8.53 4.08 



45 



55 



65 



11 




EP 0 335 641 A2 



Synthesis of trans,trans,trans,2-cyano-7-(n-pentyt)-2,4,6-hepta-triene-1-cart)oxylic acid (15 ) 

To 150 ml of an aqueous solution containing 6.87 g of sodium hydroxide and 16.40 g of methyl cyanoacetate 
14.85 g of trans,trans-2.4-decadienal was added, followed by heating at 100° C for 16 hours under stirring. After 
5 completion of the reaction, an excess amount of an aqueous hydrochloric acid solution was added thereto to 
obtain a viscous solid. The resultant solid was recrystaJlized from n-hexane to obtain the crystal having a 
melting point of 9B - 102°C. 

Elemental analysis: C 70,00%, H 7.75%, N 6^70/o (Calc. C 71.190/o, H 7.830/c, N 6.39<Vb) 
IR spectrum: -CN at 2211 cm" 1 , -COO- at 1609 crrr 1 , conjugated system at 1561 crrr 1 and 993 cm -1 
10 NMR spectrum : -CH = OH- at 6.25 - 7.95 ppm, long CH2- and CH 3 - at 0.65 - 22 ppm, integrated intensity was 
well coincided. 

Synthesis Example 16 

15 Synthesis of trans, trans, 2-cyano-5-(n-heptyl)-2,4-pentadienoic acid (16) 

The desired compound was synthesized and purified in the same manner as in Synthesis Example 15, 
except that trans 2-decena! was used as a starting material. Thus crystals were obtained. 
Elemental analysis: C 71.20%, H 8.90%, N 6.17% (Calc. C 70.550/0, H 8.670/q, N 6.33%) 

20 Synthesis Example 17 

Synthesis of 2-cyano-3-(2-thienyl)-2-propenoic acid (17) 

To 160 ml of an aqueous solution containing 20.97 g of sodium hydroxide and 46.11 g of methyl 
cyanoacetate, 40.08 g of thiophene 2-carboxyaldehyde was added, followed by heating at 90°C for 9 hours 
25 under stirring. After completion of the reaction, an excess amount of hydrochloric acid was added and the 
resultant solid was recovered. The solid was recrystatiized from ethano! to obtain the needles. 
M.p.: 234° C 

Elemental analysis: C 53.63%, H 2.690^, N 7.80%, S 17.70% (Calc: C 53.61 o/q, H 2.82<>/o, N 7.82%, S 17.89%) 
■ NMR spectrum: proton of thiophen ring at 7.34, 8.02 and 8.17 ppm, proton at p-posttion at 8.55 ppm 
30 /.max in ethanoi: 335 nm 

Synthesis Example 18 

Synthesis of 2-cyano-3-(3-thienyl)-2-propenoic acid (18) 
35 The desired compound (18) was prepared in the same manner as in Synthesis Example 17, except that 
thiophene 3-carboxyaldehyde was used instead of thiophene 2-carboxyatdehyde 
M.p.: 211°C 

Elemental analysis: C 53.730/o, H 2.71, N 7.73%, S 17.52% (Calc. C 53.61%, H 2.82%, N 7.82<Vo, S 17.89%) 
AO Synthesis Example 19 

Synthesis of 2-cyano-3-(2-pyrrolyl)-2-propenoic acid (19) 

After 36.93 g of methyl cyanoacetate and 16,94 g of sodium hydroxide were dissolved in 260 ml of water, 
23.80 g of pyrrole 2-carboxyaldehyde was added thereto, followed by heating at 95° C for 30 hours under 
45 stirring. Thereafter, hydrochloric acid was added and the resultant solid was recrystatiized from a mixed 
solvent of ethanol/methanol to obtain the crystal having a melting point of 213° C. 
Elemental analysis: C 59.340/ 0 , H 3.820/0, N 17.260/o (Calc: C 59.250/0, H 3.73%, N 17.280/o) 

Synthesis Example 20 

50 

Synthesis of 2-cyano-3-(2-furyl)-2-propenoic acid (20) 

The desired compound (20) was obtained in the came manner as in Synthesis Example 17, except that 
furfural was used. 
M.p.: 219°C 

55 Elemental analysis: C 59.02o/o, H 2.95, N 8.53% (Calc: C 58.890/o, H 3.10%, N 8.590/0) 
/.max in etnanol: 330 nm 

Synthesis Example 21 

60 Synthesis of 2-cyano-5-(2-fu7l)-2 1 4-pentadienoic acid (21) 

The desired compound (21 ) was prepared in the same manner as in Synthesis Example 17 except that 24.7 g 
of 3-(2-fury1) acrolein was used. 

The melting point of the resuttant compound was 220 C C and the structure thereof was confirmed by the 
elemental analysis value and NMR spectrum. The >jnax in ethanoi was 368 nm. 

65 
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Synt hesis Example 22 

^T^^^^SSr^ w„n phosphorus oxygon* . men,, oned in Synthes, 
Sample 3 Tn e trans structure of the resultant was confirmed by an NMR spectrum. 

Synthesis Example 23 

f Wee c 7 s,a, was obtained at a y.eld o< 33.50. ,n the 
sarT mannS LT°^ E^5e 1 by LgV* g o, indole 3-carboxyaldehyde, 9,7 g of sodium 
hydroxide and 23.46 g of methyl cyanoacetate. 

ElemenLTLlys.s: C 68.33°/c H 3.770/o, N 13.290,0 (Calc, C 67.92°/,. H 3.80CC, N 13.200 
/jnax in ethanol: 378 nrr 



^9^^ of Appned Physics (J . App.. Phys.), Vol. 39, 

compound afftefjjserrt inven on. As he ,™dent ^source^ bea ^ ^ ^ _ ^ 

bv allter an ^e^k^^^i incident angle of 55° from the norma, direction was detected to 
k thP tffecf from the strength of the incident light. As the sample for Control, urea powder or 
obv,ate the effect f om the str eng h or y ^ . Qusly powdered , followed by 
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^f|h! amount of the carboxyiic acid compound (1) obtained in the Synthesis Example 1 was dissolved in 

^^^'^S^^^^ -ture to obtain 2.16 g of needles. The elemental 

S^TlSuS! ™SSS 6 W 6lor(Ca.?6.9 5 o/o,, N: 11.63% (Ca.c. M1.5**, IR spectrum: carboxylate at 

Ttif cL°* the carboxy,ic acid (1), the absorbance of the COOH group at 1673 cm- was shifted to about 
1620 cm- 1 to exhibit the generation of the salt formation. 7 „ „_ 

The NMR spectrum exhibited an absorbance by a methyl group at 2.95 pom, benzene at 6 74 - 7.50^ PP™. 

harmonic generation was about 3 times of that of m-nitroaniline. 

-TnflaTboxyl.c acid (12) prepared in the Synthesis Example 12 was used lo^* » 
I M l-(r>henvnethvlamine in a THF solution in the same manner as in Example 1. The crystals were 
2iSlff*l» of time. The resultant crystal was recrysta.lized I from a m,xed solvent of 

^=^^01 ■r^^re^'ss - - which w w : 

corded with the calculated value of C. 76.26<Vo, H: 6.41«Vb. and N: 8.090/0 ,n terms of a 1.1 salt of the 55 
^^^JSS^L^ a« 2400 - 3200 cnrL and the absorption of COOH group 
at 1673 cm r'nfhe carboxyiic acidTl2) was shifted to about 1620 cm-Mo revealthe ^"^f' 

The NMR spectrum gave an integrated intensity «"W^^^^^^ C 0 ^^^-i so 
The degree of the optical rotation |al„ at Na-D ray in methanol was +0 97 degree (c - °J^ 7 ^ e ^ en 
ethanofof the resultant salt was 355 nm, which was changed to the low waveleng h s,de by 5 nm when 
compared with that of the corresponding carboxyiic acid. When the powder was md .at ^^^°< 
Nd-YAG laser, the intensity of the second harmonic generation was about 1.8 times of that of m nitroann. 

65 

1 : a 1:1 salt ol carboxyiic acid (1) and 1-(phenyl>ethytamine 
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Examples 3 - 12 

Optically active amine salts ot various carboxylic acid compounds were obtained in the same manner as ir 
Example 1, and tneir second harmonic generating abilities were determined. The results are shown in Table 2 



Table 2 



10 



Example 
No. 


Carbox- 
ylic acid 
amine 


m.p. 

rc) 


Elemental analysis (Found/Calc.) 


optical 
rotation 
[ah 


/ max 


CLJ/*' 

onu 
linn 

ability * 


o 


i i 


14/ 


C:74.92°/g, 


H:6. 140/o, 


N: 8.770/0 


-2.01 


325 nm 


1.2 




PEA 




<C;74.960/o, 


H:6.300/o, 


N: 8.740/0) 








A 
H 


o 


177 


C:70.690/o, 


H:6.670/ 0 , 


N:12.37o/o 


-0.33 


385 nm 


0.4 




PPA 




(C:71. 18o/o, 


H:6.880/o, 


N:1 2.460/0) 








C 

o 


Q 


136 


C:69.960/ 0 , 


H:6 .040/0, 


N: 8.610/0 


-0.88 


320 nm 


0.3 




rtA 




(C:70.340/o, 


H:6^30/o, 


N: 8.640/0) 








6 


10 


164 


C 72.820/0, 


H:5.980/ 0) 


N: 9.580/0 


-0.73 


OQQ nrn 

^oo nm 


ft 4 
U.I 




PEA 




(C:74.450/o t 


H:6^60/o, 


N: 9.650/0) 








7 


13 


149 


C;70.41o/ 0 , 


H:6^30/o, 


N: 8.620/0 




285 nm 


0.3 




PEA 




(0:70.340*), 


H:6.230/o, 


N: 8.620/o) 






8 


5 


207 


C:67.740/c. 


H:6.120/o, 


N: 7.940/0 




333 nm 


0.2 




PEA 




(C:67.77o/ 0l 


H:6.270/o, 


N: 7.910/0} 








9 


4 


176 


C:67.790/ 0l 


H:5.370/o, 


N: 8.210/0 




337 nm 


0.3 




PEA 




(0:67.430/0, 


H:5.370/o, 


N: 8.280/o) 








10 


8 


154 


C:63.310/c, 


H:4.78?o/o, 


N: 12.250/0 


+ 2.35 


302 nm 


0.1 




PEA 




(C:63.700/o, 


H:7.940/o, 


N:1 2.380/o) 








11 


23 


175 


C:71. 900/0, 


H:5.640/o, 


N:1 2.520/0 




358 nm 


0.1 




PEA 




(C:72.040/o, 


H:5.760/o, 


N;1 2.61o/o) 








12 


20 


150 


C:67.900/c, 


H:5.640/ 0( 


N: 9.520/0 




320 nm 


0.2 




PEA 




(C:67.580/o, 


H:5.680/o, 


N: 9.850/q) 









25 PEA: L-(-)-phenylethylamine 

* (relative to m-nitroaniiine (m-NA)) 



40 Example 13 

A 0.67 g amount of the carboxylic acid 4 obtained in Synthesis Example 4 was dissolved in 7 ml of 
tetrahydrofuran, followed by adding 0.92 g of optically active R-(-)-1-(a-naphthyl)ethylarnine. The resultant 
solid was filtered and recrystallized from ethanol. The melting point was 171° C and the ratio of the integrated 
tntensity of the absorption peaks of the carboxylic acid (4) component to (a-naphthyl)ethylamine component 
45 such as methyl group obtained from the NMR spectrum was 1:1. 

The elemental analysis was C 71.55o/o, H 5^00/o, N 7.21 o/ 0 , which was coincided with the calculated value, C 
71.550/0, H 5.260/0, N 7.200/0 which was based upon the formation of a 1 :1 salt of the carboxylic acid and the 
amine. 
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When the resultant crystal was finely powdered and the generation of the second harmonic generation was 
determined, the intensity of the emission is about 1.5 times of that of the urea. 

Example 14 

A 0.93 g amount of the carboxylic acid (1} obtained in Synthesis Example 1 was dissolved in 10 ml of 
tetrahydrofuran, followed by adding 0.70 g of S-(-)-1-(a-naphtbyl) ethylamine thereto. The resultant solid was 
171 on ^ a , nd W3Shed thorou 9 h, y tetrahydrofuran. After drying, the crystal having a melting point of 
1/1 U The degree [a] 0 of the optical rotation of the sample in methanol was -30.0 degree (c - 0 04>and>max 
was 421 nm. The maximum wave length was approximately coincide with that of Example 1. The second 
harmonic generation generating ability of the crystal was about 3.9 times of that of urea. Furthermore when 
the crystall.ne powder was exposed to the laser beam for a long time, apparent damage was not observed. 

Examples 15 - 19 

Various optically active amine salts were prepared in the same manner as in Example 14 and the second 
harmonic generating anilities were determined. 
The results are shown in Table 3. 
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Table 3 



Exam 


Carboxylic 


Optically active 


SHG 


pie 


acid 


amine 


generating 






auiiiry i 


15 


Synthesis 
Example 5 


1- Phenyl- 

2- metnylethyl- 

ai i in i\z 


1.5 


16 


Synthesis 
Example 7 


1-(Phe- 

nyl)ethyl- 

amine 


5.0 


17 


Synthesis 


1-{a-naph- 


3.5 




Example 7 


thyl)ethylamine 


2.0 
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Synthesis 
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1-(Phe- 

nyljethyt- 

amine 


19 


Synthesis 
Example 5 


1- Phenyl- 

2- ami no pro- 
pane 


2.5 



*1: Based on urea powder 



point of 171"C (decomposition). were wq|| coincide with 

The omenta ^^^^^^^^.^J^n a i:1 amine salt of the carboxyiic 

ability of about twice of that of urea was observed. 



171-C {(KrampoatOT). ^ ^ coincide with 

^"r^S^mSS 17<w> based upon , 1 :1 an*= salt of the cartK>xyl K 

of the sample in ethanoi was 322 nm. 



E To P £? amount of the carboxylic acid (21) obtained in Synthesis Example 21 was dissolved in 40 ml of 
JZ^iSSXZi by addt, 0.78 g of optica, active ™-HP"™>^ ^ 

AfJr n-hexane was then added, the precipitated solid was recovered. The solid was recrystaii zea iro 
ethano to obta n the <£sta, having a melting' point of 121" C (decomposition). The 

were C 69 55°/o H 5.9Wo; and N 9.00Wo, which was well coincided with the calculated values of the op^caUy 
Tct ve amiri salt of the synthesized carboxylic acid (21). The emission hav.ng an .ntens.ty of about tones of 
tha of uTeTwts observed by an Nd-YAG laser beam The maximum absorpt.on wavelength of the sample 



ethanoi was 350 nm. 



^Taf .moun! ol the carboxyiic .cid (12| obtained in Synthesis Example 12 was dissolved in 50 ml ol 
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methanol was 355 nm amine salt of the synthesized carboxylic. The second harmonic generation aDihtv at thp 
powder was 33 times of that of urea. yu ine 

Examples 24 - 42 

Tne salts of various carboxylic ac.ds and optically active alcohoi amines were carried out in the same manner 
as in Example 23 and the second harmonic generating abilities of the resultant crystals were determine 
The results are shown in Table 4. ^minea. 

Table 4 



Exam Carboxylic Optically SHG 
P*e acid active amine generating 
base ability *1 

15 24 23 1-Amino- 

2-propanol 

25 1 2-Ammo- 6.9 

1- butanol 

26 2 - 1.B 

27 10 ' 1,2 

28 2 1 -Amino- 30.0 

2- propano( 

29 10 " 1,1 

25 30 1 " 25.0 

31 12 - iA 

32 2 2-Amino- 0.5 

1-propanol 

33 10 " 0.2 
30 34 12 2-Amino- 0.7 

1-(p-nitro- 
pheny))- 
1 ,3-propane 
diol 

35 12 2-DimethyI- 0.6 
amino-1-phe- 
nyl-1-phenyl- 
1 -benzyl- 
1-propanol 

36 17 2-Amino- 3.0 
1-butanol 

37 17 2-Amino- 1.5 
1-propanol 

38 4 " 1,3 

39 20 " 3. 8 

40 20 2-Amino- 5.0 

1 -butanol 

41 21 ■ 3. 6 
50 42 19 " 3.2 

*1: Based upon urea powder 



55 Example 43 

was dfs 9 solveTin n, in 0f TT^ f bs,i,u,ed ^m^ed carboxylic acid (7) obtained in Synthesis Example 7 
was dissolved n 10 ml of THF, followed by adding 0.42 g of dextrorotatory R-(-)-2-amino-1-butanol ^e 

pc r ^ of 3 P 0 e 5 C 'c , Th e : ZT^ reC ^ Stallized from etha ™' <° ^tain J white crystal hav^a m^ 
formaHon of 1 -1 hi ? MR ,f P ^ rum of the resultant revealed me integrated intensity, which shows thl 
and , hi linn h y Sa " °' me corres P° ndin 9 carboxyfic acid and amine. The crystal was finely powdered 
5 8 t m P f nf ^ , r m ° nlC 9 J: nera,ln 9 abilit * was ^termmed. As a result, the emission capability Thereof was 
2 miZL 1^ r Urea - J maX ' mUm absor » ,ion ° f the ^Ple in ethanol was 370 nm. The powder of 
second te^TtZ^ "kt^ WaS T ' ted and •«««• the determination conditions of the 

the eTJn^? 9 enerat "9*^ *^as the change in the emission capability of the present sampte with 
the elapse of tone was not observed and the damage resistance of the present sample against light walgood 
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^f£S£ salt was formed in the same manner as in Example 43. except that R-(.)-1-amino-2-propanol was 
u ,13 aMhe oSJ aSe am,ne. The second harmonic generating ability of the resuitant sal. was about 4 
"mes of tnat Xrea and the ability was not changed with the elapse of t,me Thus, it has been observed that a 
h.gh resistance to the light damage was good. 

^saitw as formed in the same manner as in Example 43, except that the dimethoxy compound (5) 
o JSned in Syntnetic Example 5 as the carboxy.ic acid. The em.ssion capability of the resultant salt was not 
changed when the sample was exposed to a laser beam for a long time. 

Example 46 

A 2 30 a amount of L-phen y lalan,ne ethyl ester hydrochloride was suspended in 50 ml of ether, followed by 
HH.nrf JhereTo 0 96 q of triethyl amine and further 30 ml of water, ten ml of the supernatant etner phase was 
ectvered and s^tlon was added to a previously prepared solution of 0.26 g of the above-mentioned 
^nXte acid (1) in 6 ml of THF The needles were obtained with the elapse of time. The decomposition of this 
£S^^C.^S second harmonic generating ability of this crystal was determmed, the intensity 
was about 15 times of that of urea. 

^sSfamount of L-valine methyl ester hydrochloride was suspended in 50 ml of ether, folded by adding 
thereto^ 89 g of triethyl amine to obtain an ether solution of the L-valine methyl ester. This solution wa added 
„ ^solution of 0.12 g of the above-mentioned oarboxyiic acid (2, in 10 ml of THF tc , obtain *£J*£^ 
the second harmonic generating ability of the crystal powder was oeterm.ned, the mtensity was 3 tmes .ha. 
of urea. 

^SSifs of a-amino acid esters of various oarboxyiic acids were obtained in the same manner as in 
Examples 1 and 2 and the second harmonic generating abilities were determined. 
The results are shown in Table 5. 
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Table 5 
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16 


10 


49 
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10 
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10 




7 
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75 


53 


15 
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12 
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Example 65 

Synthesis of S-(-)-phenethyl 2-cyano-5-phenyi-2,4-pentadienocarboxamide (24) 

A 3.3 g amount of an acid chloride of the compound (11) obtained by thermally treating the compound (11) 
with thionyi chlonde was added, under vigorous stirring, to 20 ml of dioxane containing 1 .8 g of S-(-)-phenethyl 
amine and 1.5 g of triethyl amine. After stirring at room temperature for further 3 hours, the reaction product 
was added to a large amount of water and the resultant precipitates were filtered, followed by recrystallizing to 
obtain 2.7 g of yellow needles having a melting point of 117°C. 

Elemental analysis: C 79.5W0, H 6.05O/o, N 9.300/o (Calc. C 79.440/ 0 , H 6.OOO/0, N 9.26°*)) 

IR absorption spectrum: -NH- group at 3364 cnr\ CM group at 2216 cnr\ amine I, II at 1649 crrr' and 1522 

cm -1 . 

/.max in dioxane: 336 nm 

When the second harmonic generating ability of the crystal was determined, the intensity was about 1 1 
times of urea and there are no substantial deformation, when the sample was irradiated for a long time. 

Example 66 



55 



60 



65 



Synthesis of S-(-)-phenethy1 2-cyano-7-phenyi-2,4,6-hepta-triene-1-carfaoxamide (25) 

A 1.79 g amount of the acid chloride of the compound (11) (m.p. 143°C) obtained by thermally treating the 
compound (11) wrth thionyi chloride was added, under vigorous stirring, to 30 ml of THF containing 1 06 g of 
S-H-phenethyl amine and 0.70 g of pyridine dissolved therein. After completion of the reaction, a large amount 
of water was added to the reaction product and the resultant precipitates were filtered, followed by 
recrystallizing, to obtain 1.6 g of a crystal having a melting point of 128°C. 
Elemental analysts: C 80.74<Vo, H 6.200/o, N 8.66°/o (Calc. C 80.44%, H 6.15<Vo N 8 53 0/0) 
IR absorption spectrum: -NH- group at 3360 cnrr\ -CN group at 2216 cm" i, presence of amine I II at 1649 cm"i 
and 1522 cm" 1 , 
/.max in ethanol: 370 nm 

NMR spectrum: the methyl group of phenethyl group at 1.57 ppm, -CH - at 7.99 ppm, 6.79 - 7 05 ppm 6 82 
ppm (Thus, the structure of the desired compound was confirmed) 
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When the second harmonic generat.ng ability of the crystai was determined, it was observed that the 
intensity was 1.1 times of urea and there are no suDstantial deformation after a long time irradiation o, a laser 
beam. 



10 



Example 67 

Synthesis of S-(-H-<a-naph triyl)etnyl 2-cyano-7-phenyl-2,4,6-hepta-trie ne-1-carboxamide (26) 

To a dry TH F^olut.on of an equivalent mixture of the compound (12)and S-(-)1-(a-naphthyI)ethylamine, 
dicyiohexytcarbo dlimide was added, followed by stirring for one night. The precipitated dicyciohexyl urea 
was recovered by filtration and the mother liquor was concentrated, foliowedby recrystallizing from a mature 
of ethanol/methanol to oDtain a white solid having a melting point of 100°C. 
fR absorption spectrum: -NH- g-oup at 3360 cm^ , CN group of 2220 cm" 1 , presence of amiae i, II at 1650 cm-" 

an Whf rfthe^econc harmonic generating ability of the crystal was determined, the intensity was 4 times of that 

of urea and there are no substantial deformation after a long time irradiation of a laser beam. 15 

Examples 6 8 - 72 

Various optica lly active amides shown in Table 6 were obtained from various carboxyhc acid and optically 
active acid amide. ^ Q 
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Claims 

1 An organic nonlinear optical substance having the formula (l):A +CR 1 -CH+ r 
CH = c - c -b (D 
cu o 

wherein R 1 represents -H or -CH3 ; 

n isO, 1 P or2; 

A represents Z 1 -Ar-, 



2 ^ C - C 

Z 3 -Ar-, R 2 - r or (Z 5 ) - 



Z 
3 

Z V C C 

\ / 
X 
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R"COfR'«)N- or R«-- Z 2 and Z« independently represent H-, a Ci-Ce alkyl-, R 1s O-. R 17 ^'* 
ribs- O2N- ortwo Rie'being, in combination, R 2 °CHC ; R 2 represents H- oraCi-C* alkyl, R s to R 2 ° 
Independently represent H-, or a C1-C10 hydrocarbon residue; independently represents H-, a C,-Ca 
saturated hydrocarbon residue, 0 2 N-, R^O-, R«S-. NO- or R*R»N, wherein R 21 ^"^^^ 
represent H or a C-Cs saturated hydrocarbon residue; X represents -S-, -0-, or ✓NR 28 ; r is 0 cr an 
inteqer of 1 to 3; and R 28 represents H or a hydrocarbon group having 1 to 8 carbon atoms; 
B represents -OH -Amine* where Amine represents an optically actrve amine; -NR 4 Y where R represents 
H or a singlbond; Y represents (CH 2 ) P CQiQ'Q* where p is 0 or 1 ; Q \ Q 2 , and £ are different and 
represen H a C^Cs alkyl, phenyl, naphthyl. -OH, -CH 2 OH, -COOR". -CNR Z6 R 27 , a residue of an 
aTmino acid from wh^h an amino group is removed, where R« to R" independently represent -H or 
" hydrocarbon residue; or -CQ«Q*Q« where Q*. Q* and 0« are different and Q< and Q5 are as 
defined for Q 1 , Q 5 and Q 3 and Q« represents (CH 2 ) q of which one bond is linked to the bond of R« where g 

,£ T7noTg?nic 0 nonlinear optical. substance as claimed in claim 1, wherein in the fomuta (0. R 1 
represents H T represents H-. R 5 R 6 N-, R 7 0-. R 8 S-. NC-. R 9 OCO, R^COO-. 0 2 N- R'1R«N0C-. 
R»COm M )N- or R«-. Ar represents an aromatic group having 5 to 14 carbon atoms, and B represents 
-OH-Arnino'wherein Amine' represents an optically active amine selected from the group .consisting of 

1- {phenyl)ethylamine, l-(a-naphthyl) ethyiamlne, HphenyD^methyDethylamine. 1-phenyl-2-ammopro- 

^'^oS^'nonlinear optical substance as claimed in claim 1 , < wherein ,0 ^4'»- R1 

represents H, V represents H, RWN-. R'O-, R«S-. NO. 0*N-. R*OCO, R^COO- R»R «NOC 
Ri3C0(R")N- or R 1 s -, Ar represents an aromatic group having 6 to 14 carbon atoms, and B represents 
-OHAmine* wherein Amine 'represents an optically active amine selected from the group cons.stmg of 

2- amino-1-butanol, 1-amino-2-propanol. 2-amino-1-propanol, 2-amino-1-(p-nitrophenyl)-1^-propaned.ol, 
2-dimethylamino-1-phenyl-1-benzyl-1-propanol, and i-lN.N-dimetnylaminoJ-l-phenyt-propylamlne 

4. An organic nonlinear optical substance as claimed in claim 1. wherein, in the formula (I), R 
represents H, A represents ^ 

4/ 55 
Z ' 

wherein one of Z 2 , Z*. and Z< represents H and the remainder independently represents Ci-CioalkyE, 
R«0- R 17 R ia N- R 19 S or 0 2 N-, Ar represents an aromatic group having 6 to 14 carbon atoms, and b 
represents a residue of an optically active amine selected from the group consisting of 5- am ^ 0 ; 1 - b ^ a ; 
nol l-ammo-2-propano!, 2-amino-1-propanol, 2-amino-1-(p-nitrophenyl)-1,3-propaned,ot, 2-d.metny- 60 
lamino-1-phenyl-1-benzyl-1-propanol,and l-JN.N-dimethylaminoJ-l-phenylpropylamine. 

5. An organic nonlinear optical substance as claimed in claim 1, wherein, in the formula (l), h 
represents H ? A represents 

65 
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Z 3 _^Ar 

5 

wherein one of Z 2 , Z 3 and Z 4 represents H- and the remainder independently represents Ci-Cioalkyt, 
R 16 0-. R 17 R 1B N- R 19 S, or O2N-, Ar represents an aromatic group having 6 to 14 carbon atoms, and B 
represents a residue of an optically active amine selected trom the group consisting of 1-(phenyl)ethy- 
10 lamine, 1-(a-napnthyl)ethylamine, 1-phenyi-2-(methyf)ethylamine, 1-phenyl-2-aminopropane, and bru- 

cine. 

6 An organic nonlinear optical substance as claimed in claim 1, wherein, in the formula (1), R 1 
represents H, A represents Z 1 Ar-, Z 1 represents H-, R 5 R 5 N-, R 7 0-, R e S-, NIC-, 0 2 N-, R 9 OCO- R10COO-, 
R 11 R 12 NOC-, R 13 CO(R 14 )N-, orR 15 -, Ar represents an aromatic ring having 6 to 14 carbon atoms, and B 
15 represents -NR 4 Y. 

7. An organic nonlinear optical substance as claimed in claim 1, wherein, in the formula (I), R 1 
represents H, A represents Z 1 -Ar-, Z 1 represents R 5 R«N-, R 7 0-, R 8 S-, NC, R 9 OCO-, R 10 COO-, 
R 11 R 12 NOC, R 13 CO(R 14 )N- ( or R 1 5 Ar represents an aromatic group having 6 to 14 carbon atoms, and B 
represents -OH -Amine* wherein Amine* represents an optically active a-amino acid or the derivative 

20 thereof. 

8. An organic nonlinear optica! substance as claimed in claim 1, wherein, in the formula (I), R 1 
represents H, A represents 

z 2 . 

Z 3 - x Ar- 

zV 

30 where one of Z 2 , Z 3 , and Z 4 represents H or substituted Ci-Cs alkyl, the remainder of Z 2 , Z 3 , and Z 4 

represents together methylene dioxy group wherein the dioxy groups are bonded to the adjacent 
positions of Ar, Ar represents an aromatic group having 6 to 14 carbon atoms, and B represents 
-OH -Amine* wherein Amine* represents an optically active amine selected from the group consisting of 
1-(phenyl)ethyiamine, 1-(a-naphthyl)ethylamine, 1-phenyI-2-(methyl}ethylamlne, 1-phenyl-2-aminopro- 

35 pane, brucine, 2-amino-1-butanol, 1-amino-2-propanol, 2-amino-1-propanol, 2-amino-1-(p-nitrophe- 

nyl)-1,3-propanediol, 2-dimethylamino-l-phenyl-l-benzyt-l-propanol, 1-(N,N-climethy1amino)-1-phenyl- 
propyiamine, and a residue of an optically active a-amino acid and the derivative thereof; or -NR 4 Y. 

9. An organic nonlinear optical substance as claimed in claim 1, wherein, in the formula (I), R 1 
represents H or CH3 , A represents R 2 where R 2 represents H or an alkyl group having 1 to 12 carbon 

40 atoms, and B represents -OH Amine* wherein Amine* represents an optically active amine selected from 

the group consisting of 1 -(phenyl) ethyiamine, 1-(a-naphthyt)ethytamine, l-phenyl-2-methyiethylamtne, 

1- phenyl-2-aminopropane, brucine; 2-amtno-1-butanol ( 1-amino-2-propano!, 2-amino-l-propanol, 

2- amino-1-(p-nitropheny1)-1,3-propanediol, 2-dimethylamino- 1 -phenyl- 1 -be rtzyl-1-propanot, 1-(N,N-di- 
methylamino)-1 -phenyl- 1benzyl-1-propanol, l-t^N-dimethyiaminoH -phenyl-propylamine, and a residue 

45 of an optically active a-amino acid and the derivative thereof. 

10. An organic nonlinear optical substance as claimed in claim 1, wherein, in the formula (I), R 1 
represents H, A represents 



C C 

\ / 
X 

55 and B represents -OH -Amine* wherein Amine* represents an optically active amine selected from the 

group consisting of 1-phenylethylamine, 1-a-naphthylamine, l-phenyl-2-methylethyiamine, 1-phenyl- 
2-aminopropane, brucine, 2-amino-1-butanoI, 1 -amino-2-propanol, 2-amino-1-propanol, 2-aminof-(p-ni- 
tropheny1)-1,3-propanediol, 2-dimethylamino-1-phenyl-1-benzyl-1-propanol, 1-(N,N-dimethy- 

lamino)-1 -phenyl-propylamine, and a residue of an optically active a-amino acid and the derivatives 

60 thereof; or NR 4 Y. 

11. An organic nonlinear optical substance as claimed in claim 1, wherein, in the formula (t), R 1 
represents H, A represents 
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*\ 

3 - 
Z — Ar 

z 4 /' 

wherein one of Z 2 , Z 3 , and Z 4 represents H- and the remainder independently represents Ci-Cioalkyl, 
R16Q- R 17 R 1B N-, R 19 S, or 0 2 N-, Ar represents an aromatic group having 6 to 14 carbon atoms, and B 
represents -OH • Amine* wherein Amine* represents an optically active a-amino acids or the derivatives 
thereof. 10 
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@ Organic nonlinear optical substance. 

% An organic nonlinear optical substance having the formula (I): 

A CR X =CH CH = C- C- B 

CN O 



(I) 



wherein R : represents -H or -CHj; 
2 n is 0.1. or 2; 

A represents Z'-Ar, 

tO .2^ C _ C 

£ Z 3 ^ Ax — , R 2 - , cr (Z 5 ).J- || . 

CO „4/ ' C c 

° X 

Q. 

wher ei n Ar reoresents a 6 - 14 metered aromatic group .nduding a heterocyclic nng or brsphenylene type 
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ring; T represents H-. R- R b N-, R 7 0-, R d S-, NC-, R s OCO-, R 1D COO-, 0 2 N-, R l1 R-NOC, R' 3 CO(R u )N-, or R : --; 
Z : \ Z 3 , and Z 4 independently represent H-, a C:-C £ alkyh R 1fc G-, R- 7 R 16 N, R 15 S-, 0 2 N-, or two R ,£ Deng, in 
combination, P/-CH ; R 2 represents H- or a C1-C12 alky!; R s tc R 20 maependently represent H-, or a C:-Cio 
hydrocarbon resiaue; Z- indepenaently represents H-. a Ci-Ce saturatea Dyarocarbon residue, G2N-, R 2 '0-, 
R 22 S". NC-, or R 23 R^N- wherein R 2: to R 24 inGependentiy represent H or a Ci-Ce saturated hydrocarbon 
residue; X represents -S-, -0-. or >NR Z£ ; r is 0 or an integer of 1 to 3; and R 2E represents H or a hydrocarbon 
group having 1 tc 8 carbon atoms; 

B represents -OH 'Amine' where Amine' represents an optically active amine; -OR 3 where R 3 represents a 2- 
C:= linear hydrocarbon residue, -NP/Y where R 4 represents -H or a single bone; Y represents 



where p is G or 1; Q\ G 7 , and Q 3 a r e different and represent -H, a C:-Cs alky], phenyl, naphthyl, -OH, -CH 2 OH, 
-COOR ?s , -CNR 26 R 57 , a residue of an c*-amino acid from which an amino group is removed, where to 
independently represent -H or -Ci-Cg hydrocarbon residue; or -CQ 4 Q 5 Q € where Q c , Q 5 and Q G are different and 
and Q s are as defined for Q 1 , Q 2 and Q 3 and Q 6 represent 




-* CH 2*q 



of which one bond is linked to the bond of R 4 wnere c an integer of 1 to 4. 
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